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r: A!,,I*-Lt 
The r e p o r t  provides a swmary of t h e  Optimal Design Integrat ion 
( O D I N )  System as it e x i s t s  a t  Langley Research Center. A discussion 
of the  ODIN Systcn, t he  executive procjra-m and the  data base concepts 
arc presented. 'h~o examples i l l u s t r a t e  t he  c 3 p a b i l i t i c s  of the  
System which have been exploited. Appended t o  t he  r epor t  are 'a  
summary of abstracts for t h e  O D I N  l i b r a r y  procjrans and a descr ipt ion 
of t he  use of t he  executive program i n  l inking t h e  l i b r a r y  prograns. 
! 
A n a l y s i s  Branch. 
sys t em a t  LRC b u t  g e n e r a l l y  a p p l i e s  t o  o t h e r  sys tems which have 
been i n s t a l l e d  a t  t h e  NASA A m e s  Research C e n t e r  f a c i l i t y ,  t h e  
USAF F l i g h t  Dynamics Laboratory f a c i l i t y  and t h e  NASA Johnson 
S p a c e c r a f t  C e n t e r  f a c i l i t y .  
The report s p e c i f i c a l l y  d e s c r i b e s  t h e  ODIN 
The O D I N  sys tem w a s  i n i t i a l l y  deve loped  d u r i n g  1971 and 1972 
undzr  p a r a l l e l  contracts w i t h  t h e  N a t i o n a l  A e r o n a u t i c s  and Space 
A d m i n i s t r a t i o n ,  LRC (NAS1-10692) and t h e  USAF F l i g h t  Dynamics 
Labora to ry  (F33615-71-C-1480). The o r i g i n a l  sys tem w a s  deve loped  
f o r  CDC 6000 series computer b u t  t h e  system h a s  s i n c e  been con- 
ver ted t o  t h e  Univac 1100 series computer under  c o n t r a c t  (NAS9- 
12829) to  NASA Johnson S p a c e c r a f t  Cen te r .  
~ 
The approach t o  t h e  r e s e a r c h  s t u d y  was somewhat nove l  i n  t h a t  
t h e  combined e f f o r t s  o f  t h e  Aesophysics  Research Corpora t ion  (ARC) 
p e r s o n n e l  and t h e  NASA Langley Research C e n t e r  t e c h n i c a l  s t a f f  
w e r e  u t i l i z e d  to  accomplish t h e  o b j e c t i v e s .  ARC p rov ided  t h e  
e x p a n s i o n s ,  e x t e n s i o n  and c o n s u l t a t i o n  w i t h  r e g a r d  to  t h e  ODIN 
l i b r a r y  and e x e c u t i v e  programs. 
t o  e s t a b l i s h  and m a i n t a i n  O D I N  d e s i g n  s i m u l a t i o n s  i n  s u p p o r t  o f  
c u r r e n t  NASA r e s e a r c h  a c t i v i t i e s .  Numerous a p p l i c a t i o n s  of t h e  
O D I N  sys tem have been accomplished by NASA p e r s o n n e l ,  two of  
which are p r e s e n t e d .  
LRC p rov ided  t h e  t e c h n i c a l  s t a f f  
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ODIN : OPTIMAL DESIGN INTEGRATION SYSTEM 
By €. R. Glatt and D. S. Hague 
Aerophysics Research Corporation 
SUMMARY 
The ODIN system is a digital computer program complex for the 
synthesis and optimization of reusable launch vehicle preliminary 
designs. The system consists of a library of technology modules 
in the form of independent computer programs and an executive 
program, ODINEX, which operates on the technology modules. 
The ODIN library contains progxams for estimating all major 
flight vehicle system characteristics, such as geometry, aero- 
dynamics, propulsion, mass properties, trajectory and missions, 
economics, steady-rtate aeroelasticity and flutter, and stability 
and control. In acdition, a set of utility programs is available 
as aids in the linkage of the technology program library and 
in' erpretation of rimulation results. . 
The executive program controls the design synthesis by operating 
on the program library under control of a u s e r  specified synthe- 
sis procedure established by the ir?put data. Any set of vehicle 
component matching and sizing loops can be defined. There is 
no effective limit on the design sequence "topology" which may 
be employed in a simulation. A data l i n k  is provided by a data 
base which is accessible by all programs through the executive 
program. The data base interfaces are established in the input 
stream of the library programs. 
The data base used by the ODIN system consists of the dynamicaLly 
coastructed name addressable reg ion  of online storage which is 
aczcssible to the executive program in segments. Each segmeilt 
re?rescnts a subset of the total data available and is retrieves 
the executive prograin can address all or portions of existino 
structured data sets for insertion at any part i n  the input 
stream. 
- e  
as required to satisfy data interface requirements. In addition, 
The orbiter wing design study and the orbiter skin temperature 
study described in this report are representative samples of the 
type of design support activity which can  be accomplished with 
the ODIN system. 
' 
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INTRODUCTION 
The d e s i g n  of  an ae rospace  v e h i c l e  demands t h e  involvement  of 
must c a E Z G 3 X y 3 m m r a t e  *t ents  of t h e  disciplines i n  
order to obtain t h e  best  d e s i g n  f o r  t h e  s p e c i f i e d  mis s ion  spec-  
trum. Many i t e r a t i o n s  are u s u a l l y  r e q u i r e d  b e f o r e  a s u i t a b l e  
v e h i c l e  d e s i g n  emerges. The d e s i g n  i t e r a t ions  u s u a i l y  x e q u i r e  
from one t o  t h r e e  months i n  t h e  p r e l i m i n a r y  d e s i g n  phase  and can 
be much l o n g e r  i n  t h e  later des ign  phases .  Each d i s c i p l i n e  
i n v o l v e d  i n  t h e  d e s i g n  p r o c e s s  g e n e r a l l y  is c o n s t r a i n e d  by t h c  
r e q u i r e m e n t s  o f  o t h e r  d i s c i p l i n e s ,  and much l a b o r i o u s  %'ata  com- 
munica t ion  is r e q u i r e d  a t  each  s t e p .  The i n t e r f a c e  among 
d i s c i p l i n e s  i s  o f t e n  i l l - d e f i n e d  l e a d i n g  t o  unt imely  or i n a c c u r a t  
i n f o r m a t i o n  t r a n s f e r .  Under t h e s e  c i r c u m s t a n c e s ,  d e c i s i o n s  
a f f e c t i n g  t h e  u s e f u l n e s s  and t h e  s c h e d u l e  of t h e  end p roduc t  can 
be based  on poor or u n r e l i a b l e  in fo rma t ion .  
The above f a c t o r s  have l e a d  t o  i n c r e a s e d  use  o f  t h e  h i g h  speed  
d i g i t a l  computer to  e x p e d i t e  t h e  d e s i g n  a n a l y s i s  and improve t h e  
q u a l i t y  o f  t h e  d e s i g n  in fo rma t ion .  Automation o f  t h e  i n d i v i d u a l  
d i s c i p l i n e s  h a s  p l ayed  an i n c r e a s i n g  role  i n  t h e  d e s i g n  p r e c e s s  
f o r  m o r e  t h a n  a decade. S t r u c t u r a l  a n a l y s i s  and sys tem p e r f o r -  
mance have l e d  t h e  w a y  i n  l a r g e  scale computer a p p l i c a t i o n s ,  
a l t h o u g h  n e a r l y  eve ry  a s p e c t  of t h e  d e s i g n  process ha! been a u t o -  
mated to  some degree .  Nore r e c e n t l y ,  t h e  merging of th$ 
t e c h n o l o g i e s  i n t o  a s i n g l e  p r e l i m i n a r y  d e s i g n  too l  h a s  been 
a t t empted .  One s u c c e s s f u l  . p re l imina ry  d e s i g n  t o o l  i s  exernpl i f ie i  
b y  r e f e r e n c e s  1 and 2 .  Here a complete  s y n t h e s i s  of t h e  d e s i g n  
and mis s ion  a n a l y s i s  is con ta ined  i n  a s i n g l e  computer program. 
The conf idence  ga ined  i n  e a r l y  s i m u l a t i o n  a t t e m p t s  h a s  led t o  t h  
development of more d e t a i l e d  and complex modu! es. Refe rences  3 
t h rough  6 are examples of r e c e n t l y  deve loped  s i m u l a t i o n  tools.  
However, most modern day i n t e g r a t e d  d e s i g n  programs t end  t o  
s u f f e r  f r o m  one or more cf the f o l l o w i n g  d e f i c i e n c i e s :  
1. Lack  of dep th  i n  t h e  a n a l y s i s  t e c h n i q u e s .  
2 .  I n s u f f i c i e n t  o r  i n f l e x i b l e  data in te rcon-muniza t ion .  
from a l l  e n g i n e e r i n g  d i s c i p l i n e s .  These s p e c i a l i s t s  . .  s p = + e = -  
3 .  Poor r e sponse  t i m e  to r a p i d l y  changing  d e s i q n  r e q u i r e -  
ments.  I 
4. E s c c s s i v e  coi:iputcr core r equ i r emen t s .  
* '  , 
i 
.. 
= c  
I a .  
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By-and-large t h e  t e c h n i c a l  d q t h  i s  avai lable  i n  independent  
technology programs. The p a t c e r n  of development o f - t h e s e  programs 
h a s  been  t h e  g e n e r a l i z e d  m u l t i p l e  o p t i o n  approach s u i t a b l e  t o  t h e  
a n a l y s i s  sf many classes of v e h i c l e s ,  each  class b e i n g  r e p r c s n t e d  
by i n  
programs i n t o  a d e s i g n  s y n t h e s i s  program. Computer core l i m i t a -  
t i o n s  r e q u i r e  t h a t  r e s u l t i n g  s y n t h e s i s  programs be g e n e r a l l y  more 
l i m i t e d  i n  scope  t h a n  t h e  i n d i v i d u a l  program. As a r e s u l t ,  t h e  
s y n t h e s i s  programs t e n d  t o  become o b s o l e t e  v e r y  q u i c k l y  as t h e  
d e s i g n  p r o c e s s  evo lves .  
any e f f e c t i v e  u s e  can  be made o f  t h e  s y n t h e s i s  program. 
The d e f i c i e n c i e s  d e s c r i b e d  above l e d  t o  t h e  develcpment  o f  a de- 
s i g n  s y n t h e s i s  sys tem c a l l e d  O D I N  (Optimal Design I n t e g r a t i o n ) .  
The O D I N  sys tem shown s c h e m a t i c a l l y  i n  f i g u r e  1 is  a ve ry  l a r g e  
scale computer program complex c o n s i s t i n g  of a l i b r a r y  o f  indepen- 
d e n t  computer programs, a n  e x e c u t i v e  domputer program and a d a t a  
base of d e s i g n  in fo rma t ion .  The e x e c u t i v e  program al lows t h e  
s e l e c t i v e  use  o f  t h e  l i b r a r y  programs as e l emen t s  o f  a comprehen- 
s i v e  d e s i g n  s i m u l a t i o n .  The d a t a  b a s e  p r o v i d e s  t h e  common i n f o r -  
mat ion ].ink among t h e  l i b r a r y  programs. The ODIN sys tem w a s  
i n i t i a l l y  deve ioped  d u r i n g  1971 and 1972 under  p a r a l l e l  cont . :ac t s  
w i t h  t h e  N a t i o n a l  Aeronau t i c s  and Space A d m i r i s t r a t i o n ,  Langley 
Research Cen te r  (NASI-10692) and t h e  U'iited S ta tes  A i r  Fo rce ,  
F l i g h t  Dynamics Labora tory  ( 1  33615-71-C-1580). These s t u d i e s  
resul ted i n  two similar computer systems ( r e f e r e n c e s  7 through 
9 )  hav ing  d i f f e r e n t  technology program l i b r a r i e s  b u t  u s i n g  t h e  
same e x e c u t i v e  program. The o r i g i n a l  s y s  tern was developed  f o r  
t h e  CDC 6000 series computer b u t  has  sir,ce been conve r t ed  to t h e  
Univac 1100 series computer under  c o n t r a c t  t o  NASA Johnson Space- 
c r a f t  Cen te r  (NAS9-12829). The s y s t e m  h a s  found c o n s i d e r a b l e  us- 
age  at NASA i n  s u p p o r t  of s h u t t l e  d e s i g n  s t u d i e s  ( r e f e r e n c e s  9 
t h rough  1 2 ) .  The USAF h a s  a p p l i e d  ODIN t o  a i r - t o - s u r f a c e  missile 
s t u d i e s  under  c o n t r a c t  F33615-73-C-3039. Re fe rences  13 th rough 
26 exempl i fy  t h e  technology modules which have been used  w i t h  
t h e  O D I N  procedure .  A l l  t h e  depth  of a n a l y s i s  i n  each  t echno log i -  
c a l  area i s  ma in ta ined  and t h e  computer core requ i r emen t  i s  no 
l a r g e r  t h a n  t h e  l a r g e s t  program e lement  selected. 
in camkining t h e .  technol-y 
Very o f t e n  t h e  obso le scence  o c c u r s  b e f o r e  
The technology module procjrari l i b r i l r y  h a s  been e s t a b l i s h e d  by an 
e x t e n s i v e  su rvey  of e x i s t i n g  computer p rogra :x  a v a i l a b l e  t o  t h e  
g e n e r a l  ae rospace  i n d u s t r y .  Governmental ,  i n d u s t r i a l  and acadernic 
s o u r c e s  f o r  techno1oc;y module programs w e r e  used i n  c o n s t r u c t i o n  
of t h e  program l i b r a r y .  Programs which form t h e  O D I N  l i b r a r y  are 
sununarized i n  Appendix A. The e x e c u t i v e  program which forms t h e  
n u c l e u s  of the s y s t e m  is desc r ibed '  i n  Appendis B.  
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THE ODIN SYSTEM 
- The components of t h e  system, shown s c h e m a t i c a l l y  i n  f i g u r e  1, 
e x i s t  i n  t h e  form of independent  computer programs. These com- 
u t i  1 i t y  programs. of jor teoQfto logies ,  such  as aero- 
dynamics,  p r o p u l s i o n  and s t r u c t u r e s ,  are r e p r e s e n t e d  i n  t h e  
l i b r a r y  of computer programs. The u t i l i t y  e l emen t s  i n c l u d e  de- 
s i g n  g r a p h i c s ,  p l o t t i n g  and r e p o r t  g e n e r a t i o n .  The technology 
programs p r o v i d e  t h e  real  d e s i g n  a n a l y s i s  which m u s t  b e  pe r fo rned  
t o  oh ta i r ,  e v a l u a t i o n  of any v e h i c l e  d e s i g n .  The u t i l i t y  e l emen t s  
a i d  t h e  d e s i g n e r  i n  obLain ing  a better unde r s t and ing  o f  s imula-  
t i o n  r e s u l t s  and t o  p r o v i d e  a means o f  improving or  e x p e d i t i n g  
t h e  d e s i g n  a n a l y s i s .  They a lso permit t h e  d e s i g n e r  t o  t r a n s f e r  
or t r a n s f o r m  data g e n e r a t e d  by one  program f o r  u se  by o t h e r  pro- 
grams or  u s e  by t h e  d n a l y s t .  
~ p u t e r  p r v  e c h  programs, service programs or 
S i n c e  the sys tem compr ises  l i t e r a l l y  m i l l i o n s  of s o u r c e  c a r d s ,  
some p r e c a u t i o n s  have been t a k e n  t o  p r o v i d e  a u s a b l e  sys tem cap-. 
able of i n t e r p r e t a t i o n  by d e s i g n e r ,  e n g i n e e r  and programmer. The 
major p r e c a u t i o n  h a s  been t h e  c r e a t i o n  of a system which i s  t z u l y  
modular i n  t h e  s e n s e  t h a t  it c o n s i s t s  of many independent  com- 
p u t e r  programs. Any one of t h e s e  programs can  be r e v i s e d ,  
ex tended  or r e p l a c e d  w i t h o u t  a f f e c t i n g  t h e  o t h e r  program e lemen t s  
o f  t h e  sys tem i n  any way. E x t e r n a l  ta t h e  technology prngranis 
t hemse lves ,  a d a t a  b a s e  o f  cummon i n f o r m a t i o n  i s  ma in ta ixzd  by an 
e x e c u t i v e  data management system. .Each technology pr3gram may 
draw upon t h e  da t a  or r e p l a c e . i t  as r e q u i r e d .  As a consequence 
of  t h e  c o n s t r u c t i o n  concep t s  employed, t h e  s p e c i a l i s t s  i n  any 
techr.ology area are a b l e  t o  p h r a s e  t h e  a n a l y s i s  of t h e  d e s i g n  
w i t h o u t  i-egard f o r  t h e  o t h e r  t e c h n o l o g i e s  invo lved  o t h e r  t han  
t h e  i n t e r f a c e s  w i t h  t h e  common d a t a  base. The c o m o n  d a t a  b a s e  
a t t r i b u t e s  are d e f i n e d  by t h e  des ign  s t a f f  and can cons i s t  of a l l  
i n f o r m a t i o n  which i s  communicated between e l emen t s  or  communicated 
from t h e  O D I N  sys tem i t s e l f  t o  tile s t a f f .  The d a t a  r e p r e s e n t s  a 
s u b s e t  of t h e  t a t a l  amount of in fo rma t ion  g e n e r a t e d  by a l l  of t h e  
programs w i t h i n  a g iven  O D I X  s i rnulat ior . .  Nhen co rb ined  d i t h  t h e  
normal i n p u t  d a t a ,  i t  i s  s u f f i c i e n t  t o  con?ple tc ly  d e f i n e  t h e  pro-  
gram under  s t u d y .  h'hen c o r b i n e d  wi th  t h e  normal o u t p u t ,  i t  
r e p r e s e n t s  t h e  d a t a  d e s c r i p t i o n  of t h e  v e h i c l e  performance and 
mis s ion  requiremencs.  
The Program L i b r a r y  
The independent  program elerner.ts which f o r m  a b a s i s  f c r  t h e  0I)I.L 
s y s t e m  a r e  l a r g e l y  w r l t t c n  i n  E'ORTm'i, al thouc;h this i s  not ;L 
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sys t em r e s t r i c t i c n .  I n  f a c t ,  independent  programs w r i t t a n  i n  any 
o t h e r  language cm be i n t e r m i n g l e d  d u r i n g  a d e s i g n  s y n t h e s i s ,  f o r  
example, FORTRAN, COMPASS and COBOL. The sys tem o f  programs pro-  
v i d e s  t h e  designer w i t h  t h e  b u i l d i n g  b lock  approach t o  v e h i c l e  
desiqn, = h u h  t o p r o v i d e  a g iven  a n a l y s i s ,  it is n e c e s s a r y  t o ' u s f  
o n l y  those programs r e q u i r a a  f o r  t h e  p a r t i c u l a r  a h a l y s i s .  Apprctx 
ma te ly  60  programs reside i n  t h e  l i b r a r y .  A sample of t h e  a v a i l -  
a b l e  programs is i l l u s t r a t e d  i n  f i g u r e s  2 and 3 .  They c o n s i s t  
p r i m a r i l y  of t echna logy  programs b u t  i n c l u d e  service programs and 
u t i l i t y  programs as  w e l l .  Each is i d e n t i f i e d  by a mnemonic which 
is used  when r e f e r r i n g  t o  t h e  program d u r i n g  a s i m u l a t i o n .  The 
programs g e n e r a l l y  per form some e n g i n e e r i n g  a n a l y s i s  f u n c t i o n  
such  as aerodynamics,  performance or s t r u c t u r a l  a n a l y s i s .  .For  
example,  t h e  aerodynamics e s t i m a t i o n  programs p r o v i d e  t h c o r e t i c a l  
and e m p i r i c a l  methods spanning  most a e r o s p a c e  v e h i c l e  shapes  i n  
common u s e  o v e r  a complete  Mach number spec t rum.  The p c r f o r m n c e  
programs provide .  v e h i c l e  performance methods r ang ing  from t h e  
s i m p l i s t  segmented mis s ion  a n a l y s i s  t o  t h e  most complex v a r i a t i o n  
a1 o p t i m i z a t i o n  t echn iques .  Serqrice programs perform computer 
a i d e u  a n a l y s i s  f u n c t i o n s  such  as o p t i m i z a t i o n ,  d i s p l a y  g r a p h i c s  
and r e p o r t  w r i t i n g .  During a s i m u l a t i o n ,  systcrn performance and 
c o n s t r a i n t  cri teria are generated which are l a t e r  osec! f o r  cva lua  
t i o n  o f  t h e  v e h i c l e  d e s i g n  ( e i t h e r  automat2.c or manual ) .  S e r v i c e  
program are a i d s  i.? this e v a l u a t i o n .  The u t i l i t y  p r c g r a n s  gan- 
e r a l l y  t r a n s f e r  i n fo rma t ion  or t r a n s f o r m  da ta  t o  t h e  b e n e f i t  of 
t h e  user or t h e  s i m u l a t i o n  and per form such t a s k s  as compi l ing  
and e x e c u t i n g  i n t e r f a c e  programs. F u r t h e r ,  u t i l i t y  f u n c t i o n s  
allow t n e  s u p p r e s s i o n  o f  unnecessary  p r i n t e d  in fo rma t ion  a e n e r a t e  
d u r i n g  d e s i g n  s i m u l a t i o n  and t h e  r o u t i n g  o f  d e s i g n  r e p o r t s  t o  
a l t e r n a t e  sites. Abstracts of mhny O D I N  programs are appended 
t o  t h i s  r e p o r t .  
Most o f  t h e  technology programs w e r e  in e x i s t e n a c e  b e f o r e  develoF 
ment o f  ODIN. F i g u r e  4 i l l u s t r a t e s  t h e  major c o n t r i b u t o r s  t o  thc 
O D I N  l i b r a r y .  The c o n t r i b u t i o n s  are l a r g e l y  a r e s u l t  of NASA or  
L'SAF sponsored  r e s e a r c h  s t u d i e s .  There is no l i m i t  t o  t h e  nurrber 
o f  programs which can be j n c o r p o r a t e d  i n t o  t h e  l i b r a r y  or t o  t h e  
number of programs which can be c a l l e d  upon i n  a given  s i rnulat ior .  
I n t e g r a t i o n  of new technology programs i n t o  t h e  s y s t e m  i s  a 
r e l a t i v e l y  s imple  t a s k  an& new programs are c o n s t a n t l y  be ing  
i n t e y r a t e d  i n t o  t h e  s y s t e n  a s  a need a r i s e s .  
- -  
F i g u r e  5 shows t h e  r e l a t i v e  c o n f i d t n c e  levels b f  t h e  v a r i o u s  
technology programs i n  c u r r e n t  d e s i  yn a c t i v i t i e s .  Thcse  cmf id- 
encc  l e v e l s  are; however, 'nercly an e s t i m a t e  of t h e  p r e s e n t  
c . p a b i l i t y  and would have to be r e v i s e d  a s  new programs nre 
i xc luded .  For exampl?, i n  s t r u c t u r z s  therc arc many prograrrs 
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. c u r r e n t l y  a v a i l a b l e  t h a t  would enhance t h e  conf idence  l e v e l  i n  
t h i s  p a r t i c u l a r  technology arid when t h e  need arises t h e s e  programs 
w i l l  b e  i n t e g r a t e d  i n t o  t h e  system. On t h e  o t h e r  hand,  p c r f o r -  
mance programs f o r  d e t a i l e d  a n a l y s i s  are a v a i l a b l e  and wide ly  u s e d  
i n  t h e  ODIN sys tem now. 
The .ODIN system, as implemented a t  Langley Research C e n t e r ,  i s  
shown i n  f i g u r e  6 .  The data  ce l l  s y s t e m  i s  used f o r  permanent 
s t o r a g e  o f  t h e  ODIN l i b r a r y ,  the des ign  d a t a  bases ar;d t h e  ODINEX 
e x e c u t i v e  system. During e x e c u t i o n  of a s i m u l a t i o n ,  t h e  d i s k s  are 
used  f o i  temporary s t o r a g e ,  c o n s t r u c t i o n  and m o d i f i c a t i o n  of a l l  
f i l e s .  Tape u n i t s  may also b e  used f o r  b o t h  temporary and pcrman- 
e n t  s t o r a g e  as w e l l  as s t o r a g e  of in fo rma t ion  t o  d r i v e  g r a p h i c a l  
d i s p l a y  and m i l l i n g  equipment.  While t h e  i n t e r a c t i v e  t e r m i n a l  
is n o t  e x t e n s i v e l y  used  a t  t h i s  time, i t s  c a p n b i l i t y  has  been 
demons t r a t ed  on s o m e  problems and its u s e  ?ill grow d u r i n g  t h e  
n e x t  few y e a r s .  
The Execut ive Program 
The e x e c u t i o n  o f  a sequence of independent  programs r e q u i r e s  the 
a b i l i t y  t o  link c o n t r o l  c a r d  sequences i n  t h e  computer.  O n c e  t h i s  
l i n k a g e  i s  e s t a b l i s h e d ,  computer programs can ,e execu ted  i n  any 
o r d e r  by a d j u s t i n g  t h e  o r d e r  OE e x e c u t i o n  of t h e  c o n t r o l  c a r d  sey- 
uences .  I n  t h e  O D I N  sys tem,  t ich c o n t r o l  c a r d  sequence  r e p r e s e n t s  
t h e  r e t r i e v a l  and e x e c u t i o n  of one o r  more computer programs. ‘i’hc 
run  stream f o r  a q iven  s i m u l a t i o n  is c o n s t r u c t e d  by thc: c x c c u t i v e  
sys tem from s t o r e d  c o n t r o l  c a r d  sequences based on commands t o  
ODINEX.  R e p r e s e n t a t i v e  control  and communication commands re- 
q u i r e d  t o  c o n s t r u c t  a run  stream are i l l u s t r a t e d  i n  f i g u r e  7 .  
The O D I N  sys tem usage ,  t he re fo re . ,  depends n o t  o n l y  on t h e  s t o r a g e  
of t h e  l i b r a r y  programs b u t  a lso t h e  s t o r a g e  of c o n t r o l  c a r d  pro- 
c e d u r e s  f o r  each  program i n  t h e  l i b r a r y .  The e x e c u t i v e  system 
c o n s t r u c t s  and m a i n t a i n s  t h e  c o n t r o l  card sequences  f o r  a l l  o f  
t h e  l i b r a r y  programs i n  a s e p a r a t e  d a t a  b a s e  segment.  To  use  t h e  
O D I N  sys tem,  b a s i c  d a t a  f o r  eisch computer program r e q u e s t c d  m u s t  
d e n t l y  o f  t h e  O D I N  system. The a n a l y s t  or  team of a n a l y s t s  t hen  
d e f i n e s  t h e  sequence of  progrCms t o  be e x e c u t e d  to i j e the r  w i t h  t h e  
afLCect of a l l  d e s i g n  p a r a m c t e ~ s  on t h e  i E p u t  of each  program. 
b a s e  i n t e r f a c e s  w i t h i n  t h e  i n p u t  d a t a  i n  accordance  w i t h  t h e  
i n s t r u c t i o n s  i n  Appendix B. 
The d e s i g n  pa ramc te r s  are p l aced  i n  t h e  d e s i g n  data  base scyment 
so t h a t  t hey  w i l l  be a v a i l a b l e  t o  each program i r  the desicjn seq- 
uence.  The s i a u l a t i o n  then  commencc?s u s i n g  h O I : i i Z a l  ticslqn 
be  s e t  up i n  t h e  u s u a i  manricr for t h a t  program o p e r a t i n g  indepen- 
The l a t t e r  e f f e c t  i s  accomplished by p l a c i n g  t h e  a p p r o p r i a t e  d a t a  
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variables.  The e x e c u t i v e  program i n t e r r o g a t e s  i n p u t  o f  each  
technology program and p l a c e s  r e q u e s t e d  i n f o r m a t i o n  from t h e  d a t a  
b a s e  i n t o  t h a t  i n p u t  s t ream.  As t h e  s i m u l a t i o n  p raceeds ,  each  
program o b t a i n s  t h e  c u r r e n t  v a l u e  of  t h e  d e s i g n  pa rame te r s  from 
t h e  da ta  base. A common method of running  a s i m u l a t i o n  i s  to u s e  
a p a r a m e t r i c  v a r i a t i o n  or o p t i m i z a t i o n  module  as t h e  f i n a l  progra:  
e x e c u t e d  i n  t h e  sequence.  The f i n a l  program collects t h e  r e i c v a n  
sys t em c h a r a c t e r i s t i c s  which are ta be e v a l u a t e d  and p e r t u r b s  t h e  
d e s i g n  parameters .  The p e r t u r b e d  se t  o f  d e s i g n  pa rame te r s  r e p l a c  
t h o s e  r e s i d i n g  i n  t h e  data  base and some p o r t i o n  0-f t h e  s i m u l a t i o  
Se ed sequence d e f i n e s  p e r t u r b e d  
cess is  rcpea 3 s is compfeke 
Whereupon, t h e  f i n a l  r e s u l t s  can b e  p l o t t e d  o r  e v a l u a t e d  on  a 
sys t em performance b a s i s .  During t h e  s i m u l a t i o n ,  a l l  i n fo rma t ion  
r e q u i r e d  t o  f u l l y  d e f i n e  t h e  problem a t  t h e  l e v e l  of a n a l y s i s  
r e q u e s t e d  is s t o r e d  i n  t h e  d a t a  base.. The l e v e l  of a n a l y s i s  can  
v a r y  from s i m u l a t i o n  t o  s i m u l a t i o n  and t h e  data  base can b e  de- 
f i n e d  t o  s u i t  t h e  amount of in fo rma t ion  be ing  s t o r e d .  Upon com- 
p l e t i o n  of  t h e  s i m u l a t i o n ,  t h e  d a t a  base can be  i n t e r r o g a t e d  u s i n  
t h e  r e p o r t  g e n e r a t i o n  c a p a b i l i t y  w i t h i n  t h e  e x e c u t i v e  sys tem o r  
t h e  p lo t  c a p a b i l i t y  r e s i d i n g  i n  an independent  O D I N  computer pro- 
gram to  compose a f i n a l  u s e r  o r i c f i t e d  d e s c r i p t i o n  o f  t h e  v e h i c l e  
d e s i g n .  
I t  s h o u l d  be  no ted  t h a t  thc- des ign  d a t a  b a s e  segment c o n t a i n s  
on ly  i n t e r p r o g r a m  d a t a  and t h a t  thc flow of all d a t a  t o  and from 
t h e  d a t a  b a s e  and t h e  program e lemen t s  i s  comple t e ly  c o n t r o l l e d  
by t h e  e x e c u t i v e  program. The management of t h e  a r c h i v a l  d a t a  
and one-time i n p u t  d a t a  to  t h e  i n d i v i d u a l  programs is n o t  managec 
by the e x e c u t i v e  program. Whzn a program is  be ing  e x e c u t e d ,  i t  
is  o p e r a t i n g  on i n p u t  d a t a  which i s  i d e n t i c a l  i n  format  t o  t h a t  
which it u s e s  when o p e r a t i n g  as  an independen t  program. T h i s  i s  
the key e l emen t  t o  t h e  modular s t r u c t u r e  of t h e  ODIN s y s t e m .  I t  
a s s u r e s  t h a t  t h e  a n a l y s i s  f u n c t i o n  o f  each  program i n  the l ib rar )  
can be examined independen t ly  of t h e  o t h e r  a n a l y s i s  p r o g r a m .  
Without  t h i s  f e a t u r e ,  esan . .na t ion  of complex i n t c r c o 3 n e c t i o n s  be- 
t w e e n  a n a l y s i s  programs wo, i ld  become e s t r c m l y  con~,plcx, and i n  
view- of t h e  s y s t e m  s i z e ,  of d o u b t f u l  v a l i d i t y .  
Data Uase * 
T h e  concept  of a d a t a  b a s e  has  b&?n ucsiin~.?ci i n  r.!any ways. Soxc 
d e f i n i t i o n s  i n v o l v e  cu:nFutcrizcct stvracje of i n f u z x : t i o n  And otiici 
do not. E X a i Z p l e ’ s  of  d a t a  base  s t o r a y e  rci;ia are i l l u s t r i i t c d  i:: 
f igurc 8 .  i\ d a t a  b a s e  may be si :xply il’iianubook of i n f o r z a t i o n  tc 
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which an  e n g i n e e r  r e f e r s  when asked t o  p r o v i d e  t e c h n i c a l  informa- 
t i o n  a b o u t  a p a r t i c u l a r  p r o j e c t .  The access t o  t h e  d e s i r e d  
i n f o r m a t i o n  may b e  v i a  a formal index  or s impiy  by human recall. 
A d a t a  base may also be a computer ized s t o r a g e  system. To most 
programmers, a data base is t h e  r e g i o n  of  t h e  computer core set 
aside f o r  s t o r a g e  o f  d a t a  which is common to  a l l  co,nputat ions i n  
a computer  program. I n  t h e  O D I N  sys tem,  t h e  dynamic d a t a  base 
segment is a r e g i o n  e x t e r n a l  t o  t h e  computer core which i s  set  
a s i d e  for s t o r a g e  of d a t a  which is common t o  v a r i o u s  programs i n  
a g i v  
Othe r  t h a n  t h e  obv ious  d i f f e r e n c e s  between t h e  t w o  classes of 
data storage ( f i g u r e  81 ,  it; is s i g n i f i c a n t  t o  n o t e  t h a t  noncom- 
p u t e r i z e d  media always have some means of access and r e t r i e v a l .  
Without  it, t h e  i n f o r m a t i o n  is of l i t t l e  v a l u e ,  On t h e  o t h e r  
hand, t h e  computer ized  media i l l u s t r a t e d  are  r a w  s t o r a g e  d e v i c e s  
w i t h  no i n h e r e n t  means of indexing.  The u s e r  o f  t h e s e  & v i c e s  
must p r o v i d e  methods o f  access or r e t r i e v a l  o f  i n f o r m a t i o n  i n  t h e  
form of computer programs. T h e  O D I N E X  e x e c u t i v e  program p r o v i d e s  
t h e  access and r e t r i e v a l  methods n o t  o n l y  f c r  t h e  des ign  d a t a  b u t  
t h e  l i b r a r y  programs and execu t ion  p rocedures .  
The d e s i g n  approach t o  t h e  O D I N  s y s t e n ,  r e c o g n i z i n g  t h e  b a s i c  
o p e r a t i o n a l  ph i losophy employed by a l l  computer system , perform 
a l l  a n a l y s i s  and u t i l i t y  f u n c t i o n s  a t  t h e  program F i l e  o r  d a t a  
se t  l e v e l .  A l l  e x i s t i n g  programs and t h e  o p e r a t i n g  s y s t e m  i t s e l f  
are c o n s i d t r e d  r e s o u r c e s  t o  t h e  O D I N  system. T h i s  d e s i g n  a p p r o a d  
h a s  l e d  t o  t h e  development of  a ve ry  f l e x i b l e  and e a s i l y  expan- 
s ib le  d a t a  management system. Figur-e 9 shows t h e  h i e r a r c h y  of thc 
v a r i o u s  e l emen t s  of t h e  O D I N  s y s t e m .  
The base of t h e  pyramid represents t h e  storase media. A l l  d a t a  
sets are s t o r e d  on one of t h e  d e v i c e s  i l l u s t r a t e d .  The f low of 
d a t a  t o  and from t h e  s t o r a y e  media i s  c o n t r o l l e d  by t h e  o p e r a t i n g  
s y s t e m .  The da t a  sets a r e  r e p r e s e n t e d  by t h e  n e x t  le\,cl which 
i n c l u d e s  t h e  a n a l y s i s  prograrns, t h c  u t i l i t y  programs c n d  t h e  d a t a  
f i l e s  ( i n p u t ,  o u t p u t ,  e t c . ) .  T h e s e  programs and d a t a  se ts  a re  
c o n t r o l l e d  by t h e  ODIXCX cxecutiYJe systei:l v i a  i n p u i  ccm:ands f ron 
t h e  u s e r .  1-lany of t h e  OD19 proqrams a r e  d a t a  cictnacje::cl?t p r o g r a x  
i n  themselves b u t  ODI:;C:< has  two b s i l t i n  d a t a  zanaqcxcnt  funct ion2 
I t  c o n t r o l s  the sequence of execution of t!ie i n d i v i d u a l  procrams 
a n d  corrmunicates cor.mion in fo rma t ion  arnony tile p r o y r a r s  i z  the 
sequence.  
One k e y  d a t a  manaqemcnt f e a t u r e  of OSI>:C>: i s  t ! ~ c  c o n t r o l  cf the 
sequence o f  c x c c u t i o n  c f  i n d i v i d u a l  proc;r;lr:,s. Z'or t h i s  f w c t i o n ,  
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ODINEX m a i n t a i n s  a data  base (or data set)  of c o n t r o l  procedures  
f o r  e x e c u t i n g  t h e  i n d i v i d u a l  programs. Each e n t r y  i n  t h e  d a t a  
base r e p r e s e n t s  a c o n t r o l  procedure  f o r  one o r  more o f  t h e  pro- 
grams. These p rocedures  are e s t a b l i s h e d  once  and u s u a l l y  not . 
changed. But as t h e  program l i b r a r y  grows, so does t h e  control 
p rocedure  data base. 
se t  accessed by ODINEX. 
The c o n t r o l  p rocedure  data is itself a d a t a  
O n c e  accessed, ODINEX c o n s t r u c t s  an  e x e c u t i o n  p reeedure  sequence 
from i n f o r f i l ' i o n  stored i n  €he d a t a  base. T h i s  ccnrs t ruc t ion  is 
i l l u s t r a t e d  i n  f i g u r e  10.  Includec? i n  t h e  executrcnr procedures  
are i r a t x u c t i o n s  t o  the o p e r a t i n g  sys tem 11 a c c e s s i n g  t h e  neces- 
s a r y  programs and data modules from t h e  l ibrary.  The o p e r a t i n g  
sys t em t h e n  e x e c u t e s  t h e  i n d i c a t e d  procedures .  The ODINEX execu- 
t i v e  o p e r a t e s  independent  of, b u t  p r o v i d e s  i n s t r u c t i o n s  t o ,  t h e  . 
o p e r a t i n g  s y s  t e m ?  
The second data management f u n c t i o n  of ODINEX is to communicate 
data base in fo rma t ion  t o  independent  programs. TRis  f u n c t i o n  Fs 
i l l u s t r a t e d  i n  f i g u r e  11. Here, t h e  s t o r a g e  m e d i a  is r e p r e s e n t e d  
on t h e  l e f t .  They are c o n t r o l l e d  by t h e  o p e r a t i n g  system. The 
ODIN data  base is  a c o l l e c t i o n  of i n f o r m a t i o n  r e p r e s e n t i n g  a 
r e l a t i v e l y  small p o r t i o n  o f  t h e  e n t i r e  da ta  requi rements .  The 
ODIN data  b a s e  i s  c o n s t r u c t e d  dynamical ly  by t h e  ODINEX e x e c u t i v e  
IS t h e  execut ior .  p roceeds .  Each program module r e c e i v e s  d a t a  
from t h e  da ta  base and p l a c e s  d a t a  i n t o  t h e  data base, Each pro- 
gram may also communicate d a t a  d i r e c t l y  t o  and from t h e  s t o r a g e  
media. Frrrther, d a t a  may be t aken  d i r e c t l y  from the u s e r .  There  
i s  n o  c c n s t r a i n t  p l a c e d  on t h e  d a t a  s o u r c e  f o r  any program. When 
t h e  program is f i n a l l y  executed ,  t h e  data s e t  which t h e  program 
"sees" is i d e n t i c a l  i n  format  to  t h a t  i t  would "see" when execu- 
ted i n  an independent  execu t ion .  The ODINEX e x e c u t i v e ,  e x e r c i s -  
i n g  c o n t r o l  o v e r  t h e  program module, t h e  data  base and t h e  
o p e r a t i n g  sys tem p r e p a r e  t h e  i n p u t  f o r  eve ry  program s p e c i f i e d  
by t h e  use r .  The user ,  e x e r c i s i n g  c o n t r o l  o v e r  ODINEX and t h e  
human i n p u t ,  directs t h e  a n a l y s i s  p rocess .  
The manner i n  which d a t a  sets are created by ODINEX is i l l u s t r a t e t  
i n  f i g u r e  12. The u s e r  p rov ides  s k e l e t o n i z e d  i n p u t  data  sets 
each  r e p r e s e n t i n g  incomplete  in fo rma t ion  f o r  t h e  program sequence 
b u t  t o g e t h e r  c o n t a i n i n g  a l l  t h e  e s s e n t i a l  data f o r  s u c c e s s f u l  
e x e c u t i o n  of t h e  program. The i n p u t  d a t a  sets segments are read 
by ODINEX and merged i n t o  a complete  data  set. The miss ing  d a t a  
e lements  a r e  e x t r a c t e d  front t h e  v a r i o u s  O D I N  d a t a  bases. The 
complete  data  se t  is t hen  passed t o  t h e  a p p l i c a t i o n s  program for 
a n a l y s i s .  
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The u s e  of t h e  ODIN s y s t e m  is p a t t e r n e d  after normal d e s i g n  , 
p r a c t i c e s .  Four basic s t e p s ,  i l lus t ra ted  i n  f i g u r e  13 ,  are re- 
q u i r e d  i n  e s t a b l i s h i n g  an O D I N  des ign  s i m u l a t i o n .  
'des ign  t a s k s  must be def ined .  The technology areas t o  be con- 
s i d e r e d ,  t o g e t h e r  w i t h  t h e  depth of a n a l y s i s  t o  b e  under taken ,  
must be e s t a b l i s h e d .  The second'task w i l l  be t h e  selection of 
t h e  technology programs and t h e  sequence which they  w i l l  be usee 
i n  t h e  s i m u l a t i o n .  Program selection w i l l  have a d i r e c t  b e a r i n s  
on the computer resources which w i l l  be  r e q u i r e d .  The s e l c c t i o r .  
of programs requi re  some unders tanding  of t h e  b a s i c  i n p u t  d a t a  f 
each  program and t h e  informat ion  each  progran? g e n e r a t e s .  
t a s k ,  t h e r e f o r e ,  may r e q u i r e  a team e f f o r t  i f  t h e  s i m u l a t i o n  is 
l a r g e  or  i f  many programs are involved.  
O D I N  l i b r a r y  programs w i l l  a i d  i n  t h e  selection p rocess .  
s u i t a b l e  s e t  o f  programs i s  not  a v a i l a b l e ,  one  of  t h e  fo l lowing  
procedures  may b e  employed : 
F i r s t  t h e  
The 
A su rvey  of e x i s t i n g  
I f  a 
1. Locate t h e  necessa ry  programs f r o m  an  o u t s i d e  sou rce  0 1  
2.  Develop t h e  necessa ry  programs to s e r v e  t h e  purpose.  
The t h i r d  t a s k  i s  a d e f i n ' t i o n  of t h e  in t e rp rogram d a t a  which 
w i l l  be s t o r e d  i n  t h e  d a t a  base .  Incl.udel! i n  t h i s  d e f i n i t i o n  ai 
t h e  s t u d y  parameters ,  t hose  clenients o f  d a t a  which d r i v e  t h e  
study e i t h e r  th rough a pa rame t r i c  v a r i a t i o n  or o p t i m i z a t i o n  pro-  
cess. A d d i t i o n a l l y ,  t h e  performance cr i ter ia  must be d e f i n e d .  
The performance cr i ter ia  i s  t h e  d e s i r e d  s t u d y  o u t p u t  in format io l  
such as we igh t  or  cost of the s y s t e m  under s t u d y .  
Often t h e r e  are s tudy  c o n s t r a i n t s ,  t h o s e  c o n d i t i o n s  which must : 
be  v i o l a t e d  i n  an a c c e p t a b l e  s o l u t i o n .  The s t u d y  c o n s t r a i n t s  i: 
a performance criteria a r e  t h e  b a s i c  in fo r -na t ion  used i n  gu id in ,  
t h e  selection o f  v a l u e s  fc?r t he  s t u d y  parameter .  In t e rp rogram 
d a t a  must also be  d e f i n e d  i n  t h e  d a t a  base. These data i n c l u d e  
i n t e r m e d i a t e  r e s u l t s  produced by o n e  O D I N  program which are use 
by . o t h e r  O D I N  programs. F i n a l l y ,  t h e  d a t a  base may i n c l u d e  i n f  
mation which w i l l  be  used f o r  moni tor ing  t h e  s tudy .  The e n t i r e  
data  subset, which is stGred i n  t h e  dynamic p o r t i o n  of t h e  d a t a  
b a s e ,  is a small s u b s e t  of  t h e  t o t a l  d a t a  c a n i p u l a t e d  by t h e  
v a r i o u s  technology programs. However, t h e  d a t a  does r e p r e s e n t  
a l l  s i g n i f i c a n t  g r i v c r s  of t h e  s i rnu la t ion  t a s k s  and i n c l u d e s  t h  
p e r t i n e n t  i n fo rma t ion  normally used for c o n f i g u r a t i o n  s e l e c t i o n  
The dynamic p o r t i o n  of  t h e  daa. base  docs n o t  g e n e r a l l y  i n c l u d e  
. 
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t h a t  data r e p r e s e n t i n g  t h e  d e t a i l e d  g e o m e t r i c  a s p e c t s  of t h e  
v e h i c l e ,  t h e  d e t a i l e d  aerodynamic i n f l u e n c e  c o e f f i c i e n t s  o r  t h e  
detai led s t r u c t u r a l  cr i ter ia ;  These t y p e s  o f  d a t a ,  i f  communi- 
cated f roT  one program t o  a n o t h e r , . a r e  no rma l ly  handled  by f i l e :  
s p e c i f i c a l l y  s t r u c t u r e d  f o r  t h a t  purpose .  The f o u r t h  and f i n a l  
task i n  s e t t i n g  up an ODIN s i m u l a t i o n  i s  t h e  ac tua l  deck s e t u p .  
Deck s e t u p  is  hand led  i n  t w o  phases .  I n  t h e  f i r s t  phase ,  t h e  
i n d i v i d u a l  program decks  are s e t u p  i n  t h e  same manner as t h e y  
would b e  i f  t hey  w e r e  t o  be execu ted  independen t ly .  Program 
o p t i m s  are selected to  perform t h e  a n a l y s i s  which w i l l  be re- 
q u i r e d  by t h e  s i m u l a t i o n  and a test case is  r u n  which r e p r e s e n t  
t h e  n o r a i n a l p v e h i c l e  a n a l y s i s .  A f t e r  a l i  i n d i v i d u a l  program dat. 
decks  are s s t u p .  t h e  c o n t r o l  and comnunicat ion commands are in-  
serted i n t o  t h e  decks .  Th i s  l a s t  t a s k  e f f e c t i v e l y  creates t h e  
o v e r a l l  d e s i g n  sequence.  
S i n c e  O D I N  w a s  i n s t a l l e d  a t  Langley, it h a s  been  used  f o r  d e s i g  
-problems of va ry ing  d e g r e e s  of dep th  of a n a l y s i s .  The npp l i ca -  
t i o n s  have  been p r i m a r i l y  r e l a t e d  t o  t h e  space  s h u t t l e  and ad- 
vanced a e r o s p a c e  v e h i c l e  concepts .  The work on advanced a e r o s p  
v e h i c l e  concep t s  h a s  u t i l i z e d  t h e  sys tem t h e  most e x t e n s i v c l y  t 
da te .  However, t h i s  work w i l l  n o t  b e  d i s c u s s e d  s i n c e  t h e  s t u d i  
have  n o t  been completed.  I n s t e a d ,  two completed s t u d i e s  r e l a t e  
to  t h e  s p a c e  s h u t t l e  are d i scussed .  
Orbi te r  Wing Design Study 
A s  t h e  s p a c e  s h u t t l e  program has matured ,  s i g n i f i c a n t  e f f o r t  ha  
becn devo ted  t o  r e d u c t i o n s  i n  s y s t e m  w e i g h t  r e s u l t i n g ,  i n  t u r n ,  
a smaller c r b i t c r  v e h i c l e .  The payload  we igh t  and volur.:c r e q u i  
mcnts  remained f i x e d ,  however, and t h e  v a r j a t i o n s  i n  p o t e n t i a l  
payload  c e n t e r s  of g r a v i t y  e x c r t  an i n c r e a s e d  i n f l u e n c e  a n  t h e  
f l i g h t  c h a r a c t e r i s t i c s  of t h e  smaller  v e h i c l e .  I n  a d d i t i o n  t o  
wide c e n t e r  of g r a v i t y  e x c u r s i o n s  d u e  t o  t h e  d i v e r s e  combina t ic  
of pay loads ,  o t h e r  desicjn r equ i r emen t s  such  as a maximum a l lowa 
l a n d i n g  speed ,  a c c e p t a b l e  unaugmented l o w  speed  f l y j  ng q u a n t i t i  
and s t a b l e  hype r son ic  t r i m  a t  h igh  a n g l e s  of a t t a c k  p r e s e n t  a 
fo rmidab le  c h n l l e n a e  to ol-bi t e r  d e s i q n  e n g i n e e r s .  
I n  tlie wing d e s i g n  study, an e s i s t i n c ;  o rb i t e r  des ig r<  w i t h  k n o m  
iciciqht c h a r a c t e r i s t i c s ,  b u t  unaccsF tab le  acrodynamic p c r f o r n a n c  
s e r v e d  as a base l i ,ne  and the  body, t a i l  and i n t e r n a l  arranqcr'.er 
[cere h e l d  c o n s t a n t .  The ob jec t ive  was t o  dc tc r in ine  a \:in<: con- 
f i g u r a t i o n  i%*hich rnct the s y s  tcn r e y u i r c m c n t s  with a ninlrI.luin 
vciqht. A t  tlic c o n l u s i o n  of t h c  s t u i y ,  acrociyndrl.ic chsrdctcr- 
i s t ics  of tiic .znctiyti;:a11y uerivccf c o n f i g u r a t i o n  \-.-ere v c r i f i c c i  
by cxper ix ien ta l  evaluation at s u b s o n i c  and hypersonic Si-lccdS. 
. .  
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An e x i s t i n g  o r b i t e r  d e s i g n ,  d e s i g n a t e d  t h e  040A ( r e f e r e n c e  27)  w a s  
used as a b a s e l i n e  c o n f i g u r a t i o n .  The ODIN sys t em w a s  used t o  
d e t e r m i n e  a wing geometry and locat ion to  meet t h e  sys tem r e q u i r e -  
ments i n  t h e  l o n g i t u d i n a l  mode. Use of t h e  s y s t e m  allowed t h e  
p e r t u r b a t i o n  of t h e  o rb i te r  wing geometry and t h e  eva lua t ion  of  
t h e ’ w e i g h t ,  b a l a n c e  aerodynamics and s t a b i l i t y  and c o n t r o l  from 
a s e l e c t e d  group of a n a l y t i c a l  programs w i t h i n  t h e  ODIN l i b r a r y .  
The s p e c i f i c  programs chosen provided p e r t i n e n t  i n f o r m a t i o n  
r e p r e s e n t i n g  t h e  p r i n c i p a l  technology areas involved .  
The g u i d e l i n e s  established for t h e  wing d e s i g n  s t u d y  w e r e  i n  
accord w i t h  t h o s e  o u t l i n e d  and/or  implied by t h e  y e n e r s l  v e h i c l e  
r equ i r emen t s  of t h e  s p a c e  s h u t t l e  program. The d e s i g n  c r i t e r i a  
i n c l u d e d  a minimum d e s i g n  speed o f  150 k n o t s  o r  less a t  s u b s o n i c  
speeds  for  a d e s i g n  payload  of 18144 kg ( 4 0 , 0 0 0  L b . )  l o c a t e d  a t  
t h e  h a l f - l e n g t h  s t a t i o n  of the payload-bay;  Minimum d e s i g n  speed 
) i s  used  h e r e i n  t o  denote t h e  mininum l e v e l  f l y i n g  “min, des . 
speed a t  a = 17O and sea l e v e l  s t a n d a r d  day c o n d i t i o n s  f o r  an 
orb i te r  hav ing  t h e  d e s i g n  payload load ing .  A d d i t i o n a l  d e s i g n  
c r i te r ia  i n c l u d e d  s table  s u b s o n i c  s t a t i c  margin and h i g h  a n g l e  
o f  a t t a c k  t r i m  c a p a b i l i t y  (urnax = 50°) h y p e r s c n i c a l l y  over t h e  
c e n t e r  of g r a v i t y  range  d i c t a t e d  by t h e  payload  envelope .  Para- 
meters d e s c r i p t i v e  of t h e s e  e, i t c r i a  w e r e  reccrded i n  sunmary 
r e p o r t s  €or v a r i o u s  c a n d i d a t e  wing d e s i g n s  t o  e n a b l e  t h e  u s e r  t o  
de t e rmine  t h e  wing having  t h e  m o s t  d e s i r a b l c  c h a r a c t e r i s t i c s .  
The s t u d y  variables are shown i n  f i g u r e  14. The pr imary v a r i a b l e s  
i n  t h i s  s t u d y  w e r e  t h e  local chords  and span  of  t h e  exposed wing. 
These parameters w e r e  v a r i e d  b y  u s i n g  X and Y s c a l e  f a c t o r s  (XSF 
and YSF) t o  d e s c r i b e  v a r i a t i o n s ’ i n  t h e  exposed  p lanform of a s t u d y  
wing (i.e. wing p lanform hav ing  XSF = 0 . 6  and YSF = 1.1 h a s  cx- 
posed root and t i p  chords  e q u a l  t o  80% o f  t h e  exposed root and t i p  
chords  of t h e  b a s e l i n e  wing and an exposed  span  e q u a l  t o  110% of 
t h e  b a s e l i n e  exposed wing s p a n ) .  I n  t h i s  way  a s p e c t  r a t i o ,  lead-  
i n g  edge’sweep and r e f e r e n c e  area, were a l l  v a r i e d  w h i l . ?  t h e  
t r a i l i n g  edge sweep a n g l e  w a s  f i x e d  (:.t.e = 00) and t1,e t a p e r  
r a t i o  of t h e  exposed win2 w a s  h e l d  c o n s t a n t  fo r  a major p o r t i o n  
of thc s t u d y .  To m e e t  t h e  s u a s o n i c  s t a t i c  niarqin r c q u i r c n c n t ,  
the l o n g i t u d i n a l  wing p o s i t i o i l  Xwincf was \varied. 
t h e  wings  c o n s i d e r e d  i n  t h i s  s tudy ,  t h e  t r a i l i n g  edqe s:.:ccp 
a n g l e  ana t h e  e i e v o n  area w e r e  d l s ~  vrr r ied .  
D e f i n i t i o n  of the e x e c u t i o n  s e q u c n c c  is sho:i11 i n  f i q u r e  1 5 ,  i .h ich 
i l l u s  t ra tcs  tlic i jcncra l  arrangcrncnt oE t h e  tcxch:ioloc-:y :>:-L’c:zaris 
u sed  i n  t h e  s tu* :y  ( s c e  kFpendis  .A). lV i3 l lo i< inc  in i t i d i iLLi : ion ,  t h e  
f o r  s o x  of  
, 
6 
-- 
c 
IL ul 
x 
Y 
c - X 
t ma.  
r' 
c 
. -  
! i 
i 
SET STARTING VALUES OF 
.PARAMETERS I l l  DATA BASE, 
0 COMPUTE MI SCELLAKEOUS W I N G  -
GEOMETRY FROM PARAMETERS a 
@STRUCTURAL WING WEIGHT, 
LL: 
V 
0 rx 
w 
0 
V 
5 8 THERIIAL PROTECTION SYSTEM WEIGHT, 
8 LAIJDING WEIGHT AND C O G .  (PAYLOAD OUT) 1 
5 0 LANDING WEIGHT AND CeG, (PAYLOAD IN), 
W 
Q 
4 
V 
I- 2 O S T A T I C  MARGIN CHECK, 
v) 
OSUBSONIC L I F T  AND DRAG. 
c-. 
0 SUBSONIC S T A B I L I T Y ,  
0 SUBSONIC L I F T  CURVE AIJD DRAG 
POLAR PLOTS, 
HYFERSOtiI C AEnODYt!AMICS AtiD 
THREE-VIEW DRAWlt4G. 
STAB1 L l T Y  Al lD COIJTROL, 
0 HYPERSONIC IiORMAL FORCE AND 
PI TCH I NG 14OI4ENT CURVES I 
0 (LANDING SPEED CALCULATION 
IIKLUDED) 
0 UPDATE CO:.TOUR F:CSY I:,: DATA 
BASE FOR SELECTED C R I T E R I A ,  
0 PLOT CONTOURS GENERATED I N  LOOP I 
FIGURE 15 PR0GRA.M ARRADGEPIENT, 
, 
geometry program c a l c u l a t e s  t h e  d e t a i l e d  g e o m e t r i c  c h a r a c t e r i s t i c s  
from gross wing parameters. The c a l c u l a t i o n s  t h e n  proceed  seq- 
u e n t i a l l y  through t h e  technology modules i l l u s t r a t e d - b a s e d  upon 
t h e  c a l c u l a t e d  wing geometry.  
Weight of the body and v e r t i c a l  t a i l  were assumed t o b c  i n v a r i a n t .  
The wing we igh t  w a s  de te rmined  from an  aerodynamic s u r f a c e  weight  
module w i t h i n  t h e  SSSP computer program. T h i s  module bases wing 
we igh t  on h i s t o r i c a l  w e i g h t  of similar wings hav ing  t h e  same 
s t r u c t u r a l  span ,  l o a d  f a c t o r ,  etc.  The the rma l  p r o t e c t i o n  sys tem 
weight was3&Sz-&sed-€rom t h e  u n i t  we igh t  and t h e  area o f  t h e  
protected s u r f a c e  as de te rmined  by VAMP. The VAMP program was 
also used  t o  de te rmine  t h e  centers o f  g r a v i t y  of t h e  v e h i c l e  f o r  
t h e  pay load  i n  and payload  o u t  c o n d i t i o n .  
The s t a t i c  margins  a n a  trimmed C, were t h e n  o b t a i n e d  f r o m  t h e  sub- 
s o n i c  acrodynamics program c a l l e d  TREND. S t a t i c  margins  w e r e  
payload  o u t  and the d e s i g n  payload  c o n d i t i o n s .  The 
t d t k  margin w a s  weighed a g a i n s t  a t a r g e t  s t a t i c  
margin of .63 E + . 0 0 2 ,  which a s su red  l o n g i t u d i n a l  s t a b i l i t y  a t  
t h e  g u i d c l i n c d  s u b s o n i c  f l i g h t  c o n d i t i o n s .  I f  t h i s  c o n d i t i o n  was 
n o t  met, t h e  sys tem a d j u s t e d  t h e  l o n g i t u d i n a l  p o s i t i o n  of t h c  wing 
and performed an i t e r a t i v e  l o o p  back through the geometry and s u b -  
s o n i c  aerodynamics program to  convergence.  A f t e r  t h e  f i r s a l  sub- 
s o n i c  s t a t i c  margin c a l c u l a t i w ,  and t h e  s u b s m i c  trinu;;cd l i f t  
c a l c u l a t i o n  were comple ted ,  ti.e hype r son ic  c h a r a c t e r i s t i c s  were 
c a l c u i a t e d .  u c h g  t h e  methods programmed i n  IGAEACP. The Graphics  
program w a s  t h e n  used t o  i l l u s t r a t e  t h e  v e h i c l e  pane l  arrangement  
and t o  p l o t  t h e  s u b s o n i c  and hype r son ic  aerodynamic c h a r a c t e r -  
i s t ics .  A sununary r e p o r t  p rovided  t h e  p e r t i n e n t  i n f o r m a t i o n  such 
as wing geometry,  t h e  we igh t  of  t h e  v e h i c l e ,  t h e  c e n t e r  o f  g r a v i t y  
l o c a t i o n s ,  t h e  minimum d e s i g n  speed and t h e  maximum h y p e r s o n i c  
t r i m  a n g l e  o f  a t t a c k .  
A s i n g l e  p a s s  th rough  t h e  above d e s c r i b e d  s i m u l a t i o n  g e n e r a t e d  t h e  
C h a r a c t e r i s t i c s  of a s i n g l e  1:ing des ign .  I n i t i a l l y  twen ty - f ive  
d i f f e r e n t  wing p l a n f o r m  w e n )  c o n s i d e r e d  i n  t h e  m a t i i x  of para- 
meters which covered  a broad  spec t rum of p c s s i b l e  wing designs. 
This h-bs achieved  by pe r tu rb -n , .  thc: r a t i c s  of span  and C h O r u  G f  
t h e  s t u d y  wings t o  t h e  b a s e l - ; l e  dad i n i t i a t i n g  a new cyclc. 
Approximatcly 0r.e hour  of co:::puter time :..‘as expended i l i  t h e  
a n a l y t i c a l  s t u d y  of ?fie i n i t i d 1  n a t r i x  of t tcen ty- f ive  winqs .  The 
estimatca t i m e  s a v c c  by u s i n 9  the ODIN syster i  as c o n t r a s t e d  t o  
running  t h e  i n d i v i d u a l  procjrans indepcndcncly t o  pel-fGrci a s i m i l a r  
s tud \*  vas  appros ima te ly  one-ha I f  nan-year.  
‘phe  d c s i y n  and per for rmncc  d a t a  ;;ere stored f o x  retricY:<al 13 CCT- 
p u t e r  y c n e r a t c d  surxiary p l o t s ,  thus e:labli::G t h e  user t o  isolate 
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t h e  e f f e c t s  o f  t h e  v a r i o u s  d e s i g n  variables. The r e s u l t s  shown i n  
f i g u r e  16 are p r e s e n t e d  as c o n s t a n t  l i n e s  o f  v e h i c l e  l anded  we igh t ,  
wing area, aspect ratio,  leading-edge  sweep, minimum d e s i g n  speed 
and maximum hyper son ic  t r i m  a n g l e  o f  a t t a c k  as f u n c t i o n s  of t h e  
X and Y scale f a c t o r s  which d e f i n e  t h e  v a r i o u s  wing p lanforms . 
i n c l u d e d  i n  t h e  s tudy .  Examination of t h e  r e s u l t i n g  t r e n d s  
i n d i c a t e d  t h a t  a wing p lanform having  an aBpect  r a t io  o f  abou t  2 . 8  
and a leading-edge sweep angle of about 4 5  would p r o v i d e  a mini -  
mum w e i g h t  conf ig t iva t ion  and s a t i s f y  t h e  d e s i g n  criteria. 
Using t h e  r e s u l t s  o f  f i g u r e  16 ,  some a d d i t i o n a l  wings which had 
n e g a t i v e l y  swept  t r a i l i n g  edge  werc c o n s i d e r e d  which .also he lped  
t h e  subsonic/hypersonic.compatibility problem. The c o n f i g u r a t i o n  
tha towas  f i n a l l y  selected is shown i n  f i g u r e  17. The wing had a 
4 6 . 8  l ead ing-edge  sweep angle  and a t r a i l i n g - e d g e  sweep a n g l e  8 f  
-11 . The leading-edge  sweep ang le  w 3 s  s l i g h t l y  l a r g e r  t h a n  4 5  
beca.use o f  e n t r y  h e a t i n g  concerns .  The r e su l t s  i n d i c a t e d  t h a t  t h e  
s e l e c t e d  c o n f i g u r a t i o n  m e t  a l l  of t h e  d e s i g n  r equ i r emen t s  with t h e  
e x c e p t i o n  o f  t h e  maximum t r i m  a n g l e  of a t t a c k  h y p e r s o n i c a l l g  shere- 
i n  t h e  d e s i g n  e x h i b i t e d  a maximum trimled angle of a t t ack  4 less 
t h a n  t h e  r e q u i r e d  va lue .  T h i s  d e f i c i e n c y  could be e l i m i n a t e d  b y  
some f u s e l a g e  nose r e s h a p i n g  ( n o t  c o n s i d e r c d  i n  t h e  wing s t u d y )  
t o  F r o v i d e  a p o s i t i v e  increment  i n  p i t c h i n g  moment. The selected 
c o n i i g u r a t i o n  was subsequen t ly  t e s t e d  i n  t h e  wind t u n n e l  a t  b o t h  
subso l i i c  and h y p e r s o n i c  speeds .  The a n a l y t i c a l  aercdyna:nic 
-stirnates o b t a i n  ?d were i n  good agreement w i t h  t h e  e x p c r i n e n t a l  
r e s u l t s .  The selected c o n f i g u r a t i o n  r c q u i r e d  o n l y  minor r e f i n e -  
ments based  on t h e  expe r imen ta l  r e s u l t s  t o  neet t h e  d e s i g n  
cr i ter ia .  The pr imary  r e f inemen t  w a s  t h e  a d d i t i o n  of  a s n a l l  
p lanform f i l l e t  t o  i n c r e a s e  l i f t  c o e f f i c i e n t s  a t  l a n d i n g  a t t i t u d c s  
and a t  t h e  same t i m e  p r o v i d e  l i n e a r i z a t i o n  o f  t h e  p i t c h i n g  moment 
c u r v e s .  A photograph o f  t h e  o r b i t e r  c o n f i g u r a t i o n  t h a t  evo lved  
from t h i s  s t u d y  is shown i n  f i g u r e  18. A l l  of t h i s  work  i s  pre-  
s e n t e d  i n  r e f e r e n c e  12. 
O r b i t e r  Landing Skin Temperature  Study 
An example o f  a r e l a t i v e l y  s n a l l  problem s o l v e d  by u s i n g  t h e  ODIN 
sys tem is  shown i n  f i g u r e  1 9 .  A s t u d y  was rcquireci  to Ceterr.?ine 
i f  l a n d i n g  performance or  s t a b i l i t y  and c o n t r o l  micJht be  a f f c c t c d  
by t h e  p rc scncc  of excess i \ . e  s k i n  t e iypc ra tu rcs  en thc Space 
S h u t t l e  orbitcr.  T h i s  problen  was fo rmulz t e ;  t o  G e t e r z i i n c  s k i n  
t empera tu re  t i m e  h i s t o r i e s  u s inq  v a r i o u s  technolc.5;. proc,.ra.-.s. ':'he 
FIINIVER ( r e f e r e n c e  21) arid ABLATOR ( r e f c r e n c e  2 3 )  r;rcc;rai:'s <.5'cre 
q u i c k l y  i n t e g r a t e d  i n t o  t!ie systcci .  1X:;IL'LR was used t o  c l t d i n  
c o n v c c t i v c  heat ra tes  a l o n g  the e n t r y  trajcctoq? , anci :ii?L..;.YOI? en- 
ablcii c a l c u l a t i o n s  of t;ic a s s o c i a t c d  s k i n  ter.:-ars:ure *.-ar:at:.o:is 
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combined effor ts  of a group o f  e n g i n e e r s  w i t h  t e c h n p l o g i c a l  back- 
grounds i n  materials, f l i g h t  dynamics and aerothermodynamics. 
problem w a s  salved apprvximately one week af ter  -its concept ion .  
The r e s u l t s ,  shown i n  f i g u r e  20,  ind ica ted  t h a t  no e x c e s s i v e  t c m -  
p e r a t u r e s  were p r e s e n t  on the  o r b i t e r  s k i n  d u r i n g  approach clnd 
l a n d i n g  u s i n g  either r e u s a b l e  o r  a b l a t i v e  material .  
Formulat ion of t h e  problem r e q u i r e d  t h e  
The 
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COXCLUDING REEIARKS 
A very,  larie scale s y n t h e s i z i n g  s y s t e m  for e n g i n e e r i n g  p r o c e s s e s  
has been  described. The elements of t h e  sys t em are a l i b r a r y  of 
i ndependen t  a p p l i c a t i o n s  computer programs,  an  csecLtive computer 
program and a data base which forms t h e  conmon in fo r ina t ion  l i n k  
among the independent a p p l i c a t i o n s  prograrc. The sys ten can be 
use? by i n d i v i d u a l s  for  s m a l l  pro.Qlcms or the o p o r g t i o n  can  emFloy 
t h e  d e s i g n  t e a m  approach f o r  larger azld more complex p ro l i ems .  
In t h e  l a t te r  case, t h e  d e s i g n  team d e f L I G s  the program s e q u e n r e s ,  
data interfaces and matching  loops  r e q u i r e d  to a c h i e v e  t h e  d e s i r e d  
design objective. The s i m u l a t i o n  is fo rmula t ed  i n  t h e  language  
of t h e  h e  coatrof program. The sys tem p r o v i d e s  the u s e r s  
w i t h  t h e  a b i l i t y  to  formulate the computer  n i d c d  d e s i g n  p r c t l e m  
a t  t h e  t a s k  level i n  much the  same manner as is  employe.: r n  t h e  
i n d u s t r i a l  d e s i g n  process. 
The e x e c u t i v e  computer program ODINEX controls t h e  s e q u e r c e  of 
e x e c u t i o n  o f  t h e  independen t  program elements based on u s e r  
s u p p l i e d  commands and performs t h e  data manaocnicnt f u n c t i o n  
th rough  t h e  maintenance o f  t h e  d a t a  b a s e  o f  coI:ui:on i n f o r m a t i o n  
which is accessed a t  t h e  i n p u t / o u t p u t  l e v o 1  3f t h e  l i b r a r y  pro- 
grams. Each program is e x e c c t c d  s e q u e n t i a l l k -  and as such is 
"unaware" o f  i ts  c o n t r i b u t i m  t o  a La rge r  ail i inore comprehensive 
e n g i n e e r i n g  p rocess .  ODINEX i n t e r r o g a t e s  t k c  data  i n t o  and o u t  
of t h e  independen t  programs and performs da ta  man ipu la t ions  
according t o  ' i n s t r u c t i o m "  embedded i n  t h c  data. The i n s t r u c -  
t i o n s  are user  s u p p l i e d  and form tlic c o n t r o l  and conununicaticn 
language  which are i n p u t  t o  t h e  ODINEX e s c c u t i v c  program. ODINEX 
r e s t r u c t u r e s  t h e  i n p u t  stream based on t h e  i n s t r u c t i o n s .  The 
r e s u l t  is  a f iow of i n f o r m a t i o n  which is ident ica l  t o  t h e  normal 
f low of i n p u t  to t h e  i n d i v i d u a l  program e x e c u t i o n s .  
The g r e a t e s t  s i n g l e  advantage  o f  t h e  ODIN sys t em is t h a t  it allows 
f u l l  use of v i r t u a l l y  a l l  p a s t  developments  i n  e n g i n e e r i n g  
t echno logy  for t h e  s y n t h e s i s  o f  e n g i n e e r i n g  p r o c e s s e s  w i t h  li title 
or no m o d i f i c a t i o n .  Any e x i s t i n g  checkcd o u t  con;pvter code can 
be e a s i l y  i n c o r p o r a t e d  i n t o  t h e  system l i b r a r y  and t h e  d c v e l o p c r  
o f  t h e  new t e c h n o l o c i c a l  m o a u l c s  is u n c o n s t r a i n c d  by r equ i r emen t s  
o f  the ODINEX e x e c u t i v e  system. L i t t l e  pro?:r,inu:ling knowledge i s  
r e q u i r c d  to  i n c o r p o r a t e  a program i n t o  t h e  s y s t c m  f o r  t h e  f i r s t  
t imc . 
T h e  c o n t r o l  and cocununication language c o n s i s t s  of a s imple  and 
c a s i l y  unders tood  set  of i n s t r u c t i p n s  which pr rxVi& t h e  c a p a b i l i t y  
of c r c a t i n g  a network of computer programs for a n a l y s i s  a t  any 
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l e v e l  of detai l .  
t i o n  are performed a t  the program i q p u t  level. 
b ranch ing  l o g i c  is provided  f o r  c r e a t i n g  s i z i n g  and/or  g r t i m i z a -  
t i o n  loops wichin  t h e  s y n t h e s i s .  There is no e f f e c t i v e  l i m i t  t o  
e i t h e r  t h e  number of programs used or t h e  ccmplexi ty  of d e s i g n  
loops c r e a t e d .  
The manual data t r a n s f e r  from technology ta technology may be 
d r a s t i c a l L y  reduced u s i n g  t h e  ODIN system. F u r t h e r ,  the c h a m e  
of d a t a  error, data misunchrs tanding  or data mis rep res - t a t ion  is 
v i r t u a l l y  e l i m i n a t e d .  A l l  factors c?.ealing with "eng inee r ing  judy- 
ment ,'* "des ign  margins".  and "non-optimum a n a l y s i s "  may be employed 
and are v i s i b l e  t o  the  d e s i g n  team. 
key r e q u i r e m e r t  i n  the development of t h e  ODIN system.' The re fo re ,  
r e p o r t  g e n e r a t i o n  is an i n t e g r a l  p a r t  of ODIINEX. 
reports based  on data b a s e  in fo rma t ion  can be gene ra t ed  a t  any 
p o i n t  i n  t h e  sequence of Frogram execu t ions .  
g r a p h i c a l  c a p a b i l i t y  i s  a v a i l a b l e  i n  t h e  program l i b r a r y  t o  
supplement  t h e  w r i t t e n  r e p o r t s .  
F i n a l l y ,  t h e  O D I N  sys t em p rov ides  a t r u e  b u i l d i n g  block approach 
to  the s l m t h e s i s  of eng ine r ing  processes. 
may be added, de:ctcd or  r e p l a c e d  t o  s u i t  t h e  d e s i g n  o b j e c t i v e .  
T h i s  p r o v i d e s  a i c spons iveness  of computer aided dcsicp t e c h n i -  
tAuas neve r  b e f o r t  a v a i l a b l e  t o  the  .des igne r .  
the design process may be s y n t h e s i z e d  when u s i n g  the OpXN system. 
A nunher of examples of  the s o l u t i o n  of real problems have dem- 
o n s t r a t e d  t h a t  ODIN can s u p p o r t  p a r t i a l  or complete d e s i g n  
s t u d i e s  at s e v e r a l  l e v e l s  of des ign  a c t i v i t y .  
A l l  s y n t h e s i s  p r o c e s s e s  and data i n t e m m m u n i c a -  
C o n d i t i o n a l  
D a t a  v i s i b i l i t y  has b e e s  a 
User g e n e r a t e d  : 
A v a r i e t y  of 
Technology programs 
A l l  or any p a r t  of 
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APPENDIX A: BASIC ODIN P R O G W l  ELEMENTS 
The independen t  program elements which form t h e  ODIN l i b r a r y  are 
d e s c r i b e d  i n  a b s t r a c t  form i n  t h i s  appendix.  
t echno logy  programs and u t i l i t y  programs. 
sys t em h a s  been a s s i g n e d  a mnemonic - d e s c r i p t o r  which is used  t o  
ac t iva te  t h e  program d u r i n g  an  ODIN s i m u i a t i c n .  
t i o n  of t h e  abstracts is a l p h a b e t i c a l l y  a r r a n g e d  by t h e  mnemonic 
d e s c r i p t o r .  
p u b l i c a t i o n s  or ae rospace  company r e p o r t s .  
They i n c l u d e  
Each program i n  t h e  
The o rgan iza -  
F u r t h e r  documentat ion i s  g e n e r a l l y  a v a i l a b l e  as NASA 
The fo l lowing  table  g i v c s  an index  to  the program a b s t r a c t s  by 
t echno logy  or f u n c t i o n .  
so they appea r  more t h a n  once i n  t h c  t a b l e .  
area fi.s. Aerodynamics, Weights,  etc.  ) w i l l  have s e v e r a l  pro- 
grams i d e n t i f i e d  by mnemonic d e s c r i p t i o n  and program t i t l e .  
co r re spond ing  a b s t r a c t  may be reviewed by look ing  up t h e  a p p r o p r i -  
Many of t h e  p rograns  o v e r l a p  t e c h n o l o g i e s  
E a c h  technology 
The 
a l p h a b e t i c a l l y  i n  t h e  pages  which f o l l o w  t h e  t a b l e .  a te  mnemonic 
TABLE OF PROGRAM TITLCS BY TECHNOLOGY 
ESECUTIVE 
ODIKEX: 
GEOMETRY 
A I  FWOIL : 
GEOEIETRY : 
PANEL : 
VMlP : 
ZV'ETED : 
,\E RO DY ?; Ab1 I C S 
A I  RFOT L : 
DATCOSI : . 
DATCO?I2 : 
I!AiiACl' : 
A Computcr P r o g r a n  f o r  Linking  Othe r  C a y x t c r  
P r o g r a m .  
A Program f o r  Genera t ing  Geometric and Aerodynanic 
C h a r a c t e r i s t i c s  of A i r f o i l  Sccticns. 
i3ody Coord ina te  Genera tor .  
A Program f o r  Genera t ing  -Pz.nclled C o n f i q u r a t i o n  
Geometry. 
Volume, A r e a  and Flass P r o p e r t i e s .  
Wettcd A r e a  i n  Refercnce  Length Program. 
41 
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SBOOM : 
SKINF: 
’ T.WND : 
IU’DRAG: 
.PROPULSION 
ENCYCL : 
1 
CEXENG : 
GENENGI I : 
WEIGHTS 
PPDS : 
SSSP : 
VMID : 
V S h C  : 
I\: iLlT s : 
PE KFO RiilANC E 
ATOP : 
COAP : 
PADS : 
POST : 
PRESTO : 
SSSP : 
TOLASD : 
TOP:  
Ysnc : 
I 
S o n i c  Bocm P r e d i c t i o n  ‘ for  Sliutrtle Type Vehic les .  
Turbu len t  S k i n  F r i c t i o n  Drag Program. 
Subsonic/Supersonic/lIypersonic Aerodynamic Trade- 
O f f  Program. . 
Zero-Lif t Wave Drag Program. 
Design P o i n t  Performance of T u r b o j e t  and Turbofan 
Engine. 
A Program f o r  C a l c u l a t i n g  Design and Off-Design 
Performance for Turbojet  and Turbofan Engines .  
A Program f o r  C a l c u l a t i n g  Design and Off -Des ign  
Performance o f  Two and Three  Spool  Turbofans w i t h  
as many a s  Three Xozz lc s .  
Performance A n a l y s i s  and Design S y n t h e s i s  Program. 
Space S h u t t l e  S y n t h e s i s  Program. 
\‘olume, A r e a  and Mass P r o p e r t i e s .  
Veh ic l e  S y n t h e s i s  for Iligk Speed A i r c r a f t .  
Ke i CJ h ts Ai- a 1 y s is f o r  Ad van c ed T r a n  s pa r t a t i 0x1 
Systems. 
Atmospheric T r a j e c t o r y  Op t imiza t ion .  
C o n b a t  Opt imiza t ion  and A n a l y s i s  Progran.  
Performance ‘Analysis  and Design S y n t h e s i s  Program. 
A Program to  Optimize S imula ted  T r a j e c t o r i e s .  
Program f o r  Rapid Earth-to-Space Trzi jectory 
O p t i n i  z a t  i on. 
Program t r s  S i z u l a t e  S e p a r a t i o n  of Two S t a q e s  of 
a Launch ‘.*c!-~iclc. 
S;)ace Sku! t l c  S y n t h e s i s  Program. 
T a k e - O f f  n:?d Landing P rograx .  
.‘:ra jectcry O p t  ioi z a t i o n  Prosran. 
\‘c.!:iclc Syr i thcs i s  f o r  l j ich Speed i i i rc r3f t .  
t 
I 
STABILITY AND CONTROL 
AOMOTAN : 
DATCOMZ : 
HAUACP : 
TREND : 
. TliE~lODYNA?IICS 
ASLATOR: 
ATOP : 
HABACP : 
MINIVER : 
TREND : 
STRUCTURES 
AFSP : 
SSAE!: 
ECOKOE.lICS 
DAPCA : 
PRICE : 
.OPTIMIZATION 
AESOP : 
G 'JZPIlICS - .  
CONPLOT : 
ILUACP: 
I >IAGE : 
1NG250: 
PLOTTL R: 
PLT2 5 0 :. 
. .  
i 
- 
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Linear Aircraft Motion Analysis. 
Configuration Design Analysis Program. 
Hypersonic Arbitrary Body Aerodynamic Computer 
Program. 
Subsonic/Supersonic/liypersonic Aerodynamic Trade- 
Off Program. 
One Dimensional Analysis of the Transient Response 
of Thermal Protection Systems. 
Atmospheric Trajectory Optimization. 
Hypersonic Arbitrary Body Aerodynamic Computer 
Program. 
Aerodynamic Hea ting Program. 
Subsonic/Supcrsonic/Mypersonic Aerodynamic Trade- 
Off Program. 
Aul-,omated Flutter Solution Procedure. 
Sw-tpt Strip Aeroclastic biodcl. 
Development and Production Cost of Aircraft. 
A Program for Improved Cost Estimation. 
Automated Engineering and Scientific Optimization 
Program. 
Aircraft configuration Plot. 
liyper son1 c :+rb i trary Dody Arc rodyn ani c Con,pute r 
Center. 
Configuration Display Prooran. 
Picturc Generator for CDC 2 5 0  CRT. 
An Independent Plotter Proyraz. 
Independent P l o t  Procjram for CDC 2 5 0 .  
4 3  
PLTVIEW : 
POSTDATA : 
TOPLOT : 
BALANCE 
VAMP : 
UTILITIES 
ABNORM: 
AUTOLAY : 
CCSAVE : 
CIIGPBEN : 
CliGDLOG : 
COG0 : 
COLOGO : 
COMPILER: 
DROPEXS : 
EDIT : 
ENDODN : 
FNT : 
IIEADIXG : 
JOBT I PIE : 
MAC : 
MY P ROG iZ?ibl: 
PLOTSV: 
PRINTER: 
REPORT : 
. *. ; .  
r' * . ( .  . ,  j f .  
Program for Genera t ing  Separat ion P l o t s .  
POST P l o t  Data Genera t ion  Program. 
P l o t  Generator for TOP 
V o l u m e ,  A r e a  and Mass P r o p e r t i e s .  
Abnormal End Program. 
A Program for  Automat ica l ly  Cons t ruc t ing  Over- 
l a y e d  Computer Programs. 
C o n t r o l  Card Data Base Save Procedure.  
Abnormal End Procedure.  
DIALOG Execut ion  Procedure.  
Run Time Compiler Program. 
Compile, Load and G o  Procedure.  
Program t o  Compile a FORTRAN Program. 
System F i l e  Reduct ion Procedure .  
CRT E d i t i n g  Program. 
End O D I N  Procedure.  
F i l e  Sane Tab le  Program. 
IIeadiny Program. 
S imula t ion  T in in?  Program. 
Macro-Processor . 
Esecu te  a Compiled Program. 
Procedure  f o r  Saving  C ~ , C O M P  P l o t s .  
Procedure  €or P r i n t i n g  P rev ious ly  Genera ted  Out- 
p u t  Informat ion .  
I x t e r n a l  Procedure f o r  Gcnera t inq  a n  Enqineer ing  
Report .  
Data Eout ing Procedure.  
&-i?a:.ic P r i n t i n q  Procedure.  
I i e s t a r t  Procedure.  
V A R I X  Plot Process ing  Procedcrc .  
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ABLATORs One Dimensional Ana lys i s  of t h e  T r a n s i e n t  
Response o f  Thermal P r o t e c t i o n  Systems. 
'. 
The program assumes t h a t  thermal  p r o p e r t i e s  i n  t h e - g i v e n  l a y e r  of 
material are f u n c t i o n s  on ly  of t empera tu re ,  t h a t  a l l  h e a t  f low is 
normal t o  t h e  s u r f a c e ,  and t h a t  gases  t r a n s p i r i n g  t o  t h e  c h a r  
l a y e r  are t h e  same tempera tu re  as t h e  c h a r .  The o u t e r  s u r f a c e  is 
subjected to  t h e  aerodynamic h e a t i n g  and t h e  c h a r  l a y e r  p r o v i d e s  
b o t h  i n s t a l l a t i o n  and h i g h  t empera tu re  o u t e r  s u r f a c e  f o r  r e r a d i a -  
t i o n .  The h e a t  p a s s i n g  th rough  t h e  l a y e r  i s  p a r t i a l l y  observed  
by p i r o l y s i s  a t  t h e  i n t e r f a c e  between t h e  c h a r  l a y e r  and t h e  un- 
c h a r e d  material .  The remain ing  h e a t  i s  conducted  i n t o  t h e  unchar- 
ed l aye r .  The gases g e n e r a t e d  through t h e  c h a r  l a y e r  are i n j e c c e d  
i n t o  t h e  boundary l a y e r .  The gases  are h e a t e d  as t h e y  pass  . 
cmoval from t h e  c h a r  l a y e r  i nduces  
y t h e  p i r o l y s i s  i n t e r f a c e .  When 
e boundary l a y e r ,  t h e  conducted 
h e a t  t r a n s f e r s  are induced.  The p rogram.accep t s  as i n p u t  t h e  
t e m p e r a t u r e  a t  t h e  s u r f a c e  of t h e  model and g e n e r a t e s  a t h e  h i s -  
t o r y  o f  t h e  t h e r m a l  c o n d i t i o n  o f  t h e  var ious l a y e r s  as  t h e  v e h i c l e  
e n t e r s  t h e  .qtmosphere. . _ .  
ABNORM: Abnormal End Program. 
The program i s  used as p a r t  of the  abnormal 2nd procedure  1:; 091s. 
I t  i n t e r r o g a t e s  sys tem f i l e s  to d e t e r n i n e  wncther  a p l o t  ~fcto]: 
d a t a  f i l e  !ias been w r i t t e n ,  ;he program gene;ates p l o t  r e q u e s t  
c a r d s  and d i s k - t o - t a p e  copying i n s t r u c t i o n s  €or t h e  f i l e s  w i t h  
a p p r o p r i a t e  i n f o r m a t i o n  on them. The t a p e s  arc a s s i g n e d  t o  t h e  
u s e r ,  whose name is on t h e  JOB card .  
ACMOTAN: L i n e a r  A i r c r a f t  Notion Ana lys i s  
The program is a v e r s a t i l e  cod-e for l i n e a r  a i r c r a f t  motion 
a n a l y s i s  which allows t h e  u s e r  t o  supplement  t h e  s t a n d a r d  a i r -  
p l a n e  e q u a t i o n s  o f  motion w i t h  a u x i l i a r y  e q u a t i o n s  w r i t t e n  by 
t h e  u s e r  t o  r e p r e s e n t  c o n t r o l  laws or a d d i t i o n a l  v a r i a b l e s .  The 
p rogram.p repa res  t h e  s y s t e m  of l i n e a r  d i f f e r e n t i a l  e q u a t i o n s  us-  
: 4  i n g  s e v e r a l  o p t i o n a l  forms of i r .put  d a t a  and t h e n  c a r r i e s  t h e  
s o l u t j  on to  an e x t e n t  de te rmined  Ly t h e  o u t p u t  o p t i o n  selected. 
Minimum o u t p u t  i n c l u d e s  t h e  c h a r a c t e r i s t i c  po lynon ina l  an3  i t s  
roots. A d d i t i o n a l  o u t p u t  il- t h e  form of traiisfer f u n c t i c n s ,  
f r e q u e n t l y  r e sponses  and tir;le h i s t c r i e s  can be selected. 
P 
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AESOP: Automated Eng inee r ing  and 
S c i e n t i f - i c  Op t imiza t ion  Program. 
AESOP is a m u l t i p l e  v a r i a b l e  o p t i m i z a t i o n  program des igned  f o r  
t h e  s o l u t i o n  o f  a w i d e  range o f  pa rame te r  o p t i m i z a t i o n  problems 
The basic program h a s  t h e  a b i l i t y  to  s o l v e  c o n s t r a i n e d  o p t i m i z a  
t i o n  problems i n v o l v i n g  up to 100 pa rame te r s  and up t o  20 con- 
s t r a i n t s .  T h i r t e e n  s e a r c h  t echn iques  are a v a i l a b l e  f o r  use 
i n d i v i d u a l l y  or i n  combinat ion t o  s o l v e  t h e  d e s i r e d  problem. 
The methods i n c l u d e  s e c t i o n i n g ,  s t e e p e s t  d e s c e n t ,  q u a d r i l a t e r a l  
s e a r c h ,  Davidon 's  method, random ray s e a r c h ,  p a t t e r n  and s e v e r a  
o t h e r s .  The program is  des igned  t o  be l i n k e d  w i t h  o t h e r  p r o g r a  
t o  perform i n t e r n a l  o p t i m i z a t i o n  or can b e  u s e d  as an-indepencle  
program for o p t i m i z i n g  systems o f  p r o g r a m .  
AF'SP: Automated F l u t t e r  S o l u t i o n  Procedure  
Program AFSP is based  upon a new method o f  s o l v i n g  the f l u t t e r  
e q u a t i o n .  The method is based upon t h e  premise t h a t  t h e  f l u t t e  
a n a l y s i s ,  due t o  t h e  p a r t i c u l a r  f o r m  i n  which t h e  aerodynamic 
f o r c e s  a r e  a v a i l a b l e ,  e s s e n t i a l l y  c o n s i s t s  of a s e a r c h  € o r  t h o s  
V-values and w-values which r e n d e r  t h e  f l u t t e r  dctcrrxinam zero  
The p rocedure  d e v i a t e s  e s s e n t i a l l y  from t h e  V-cj a n a l y s i s  IS so 
f a r  t h a t  t h e  e i q c n v a l u e  c a l c u l a t i o n  i s  r e p l a c e d  by s i n s l i e r  
a l g o r i t h m  l e a d i n g  t o  t h e  decomposi t ion of t h e  f l u t t c r  z a t r i x .  
The a c t u a l  s e a r c h  f o r  t h e  f l u t t e r  s o l u t i o n  i n v o l v e s  a s i n c l e  z-e 
and p o s i t i v e  f u n c t i o n  of the  t w o  v a r i a l l e s  V and w r a t h e r  t h a n  
t h e  (n)  complex f u n c t i o n s  r e p r e s e n t i n g  the o i g e c v a l u e s  i n  t h e  \i 
a n a l y s i s .  The f l i g h t  a l t i t u d e ,  Mach nunber  and f l i q h t  speed  r e  
main c o n s i s  t e n t  th roughout  t h e  s e a r c h  wherras t h c  V-g a n a l y s i s  
s tar ts  o u t  from g i v e n  va lues  a t  a l t i t u d e  and Mach n u d e r .  The  
f l u t t e r  speed  o n l y  follows as a r e s u l t  of t h e  c a l c u l a t i o n .  I n  
g e n e r a l ,  t h e  speed w i l l  n o t  be c o n s i s t e n t  w i t h  t h e  i 'nput da t a  
such  t h a t  many r u n s  are r e q u i r e d  t o  i t e r a t e  toward a s o l u t i o n .  
AIRFOIL: A Program f o r  Genera t ing  Geometric and A e r o -  . 
The computer program is  w r i t t e n  t o  p r o v i d e  a i r f o i l  c o o r d i n a t e s  
incompress ib l e  i n v i s c i d  s e c t i o n  c h a r a c t e r i s t i c s  and tk70-d i rens i  
a1  drag-r ise  Nach nunbcrs  f G r  a l a r g e  n u r h c r  of N a t i o n a l  hdvisc  
C o m m i t t e e  fo r  Aeronau t i c s  (NACA) d e s i g n a t e d  a i r f o i l s  fro3 a s i r  
one c a r d  i n p u t .  The program is  a c t u a l l y  a c o n b i n a t i o n  of t w o  
s e p a r a t e  programs. One progran  g i v e s  t h e  a i r f o i l  s u r f a c e  cccrc 
n a t e s  w i t h  on ly  t'he NACA a i r f o i l  d e s i g n a t i o n  as i n p u t ,  and thc 
Gthcr  uses t h e  s u r f a c e  c o o r d i n a t e s  t o  p r e d i c t  i n c o r . p r c s s i b l e  , 
i n v i s c i d  p r e s s u r e  d i s  t r r b u t i o n  from which t h e  s c c t i c n  c h a r a c t e l  
i s t i c s  and d r a g - r i s e  Nach n u d e r  ;re dcternincd.  
dynamic C h a r a c t e r i s t i c s  o f  A i r f o i l  S e c t i o n s .  
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ATOP: Atmospheric T r a j e c t o r y  Op t imiza t ion  
The program is  a g e n e r a l i z e d  s t e e p e s t  descent computer program 
se t  up to handle  t h e  three-d imens iona l ,  p o i n t  mass, v e h i c l e  f l i g h t  
p a t h  t r a j e c t o r y  o p t i m i z a t i o n  problem. I t  is c a p a b l e  o f  simu- 
l t a n e o u s l y  hand l ing  up to  f i f t e e n  s t a t e  v a r i a b l e s ,  s i x  control  
var iab les  and t e n  c o n s t r a i n t s .  Most o f  t h e  usua l  € u n c t i o n s  re- 
q u i r e d  i n  f l i g h t  p a t h  s t u d i e s  are available w i t h i n  t h e  program; 
o t h e r s  may b e  added as d e s i r e d  by s i m p l e  program a d d i t i o n s ,  pro- 
v i d i n g  t h e  f u n c t i o n  or its d e r i v a t i v e  is d e f i n e d  a n a l y t i c a l l y .  
The program may be r e a d i l y  extefidcd t o  cover s t e e p e s t  d e s c e n t  
o p t i m i z a t i o n  problems i n  o t h e r  f i e l d s ,  by t h e  replacenient  of t h e  
basic d l f f c r e n t i a l  e q u a t i o n  s d b r o u t i n e  by any o t h e r  se t  of equz- 
t i o n s  of t h e  same g e n e r a l  t ype .  Convergence to  t h e  orjtinial 
s o l u t i o n  is o b t a i n e d  a u t o m a t i c a l l y  by means of one of tv:o c o n t r o l  
sys t ems  which, by a series of l o g i c a l  dec i s ions ,  obka in  a reason- 
able p e r t u r b a t i o n  magnitude a t  each i t e ra t ion .  
AUTOLAY: A Prcgram f o r  Automat ica l ly  Con- 
s t r u c t i n g  Overiayed Computer Proqrains. 
AUTOLAY is a CDC 6600 u t i l i t y  procram used i n  t h e  c o n s t r u c t i o n  of 
o v e r l a y  f i l e s  from relocatable  b i n a r y  proqram e lc inents  o f  the 
t y p e  g e n e r a t e d  by t h e  FORTrW corrFi le r .  
The u s e  of AUTOLAY p e r n i t s  t h e  c o c s t r u c t i o n  of a ne\; yro:Jrani f i ? t l  
f r o m  onc  t6  s i x  l i b r a r y  f i l e s .  T h e  new program f i i c  cc' t a i r , s  the 
user selected iiiain prograi:i or proqrams t c q e t h c r  w i t h  '11; the sub- 
r o u t i n e s  ( c s t e r n a l  r e f e r e n c e s )  vh ich  t h e  r a i n  proGram ( s )  c a l l .  
The main program ( s )  a rc  s p e c i f i c d  by the u s e r  i n  a t c s t  f i l e  
r e a d  by AUTOLAY. 
CCLINK:  C o n t r o l  Card L'irikayc Program. 
CCLINK i s  a CDC 6600 u t i l i t y  program which performs t h e  l i n k i n g  
o f  con t ro l  card sequences under d i r e c t i o n  of t h e  O D I N  e x e c u t i v e  
program. T h i s  s o f t w a r e  package d i r e c t s  t h e  system t o  r e a d  con- 
t r o l  cards from a l t c r n a t c  f i l e s  ( n a n e s  on t h e  CCLIXK c c n t r o l  
c a r d ) .  Althoucjh UCVClO~JCd s p e c i f i c a l l y  ta yeet the l i r x a q e  re- 
qui rement  of t h e  ODIN s y s t e m ,  t h e  CCLI:;i; softq.care caz b> used a~ 
an  independent  u t i l i t y  p r o q r x ~ .  CCLIXI; i s  > a r t  cf t k c  r o z p u t e r  
o p e r a t i n g  s y s t t n  a t  ~;111~;ley !i2secirch C e n t e r  and i s  acccsscti by 
a c o n t r o l  card-  or  frc:? a FORTPAX prcc j rm.  
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CCSAVE: Contro l  Card Data B a s e  Save Procedure.  
CCSAVE u s e s  t h e  computer o p e r a t i n g  sys tem s o f t w a r e  t o  s a v e  a newly 
created or updated  control card data base. T h e - c o n t r o l  card d a t a  
base is a data base of e x e c u t i o n  p rocedures  f o r  a l l  t h e  O D I N .  
l i b r a r y  p::ograms and procedures .  
CHGABEN: Abnormal End Procedure.  
The CHGABEN procedure  p e r m i t s  t h e  u s e r  t o  a l t e r -  t h e  c o n t r o l  card 
p rocedure  e x e c u t e d  i n  case of an  abnormal end d u r i n g  an  O D I N  
s i m u l a t i o n .  The preprogrammed p r o c e d u r e - c o p i e s  t h e  i n p u t  f i l e ,  
t h e  o u t p u t  f i l e  and t h e  c o n t r o l  f i l e  from t h e  p r e v i o u s l y  execu ted  
or e x e c u t i n g  program t o  t h e  o u t p u t  f i l e  and s a v e s  any pre i r ious ly  
generated p l o t  i n f o r m a t i o n  on p h y s i c a l  t a p e .  The p rocedure  may 
be changed by p r o v i d i n g  t h e  d e s i r e d  c o n t r o l  c a r d  p rocedure  as 
d a t a  i n p u t .  
CHGDLOG: ODINEX Exect i t ian Procedure.  
CHGDLOG p e r m i t s  t h e  u s e r  t o  r e p l a c e  t h e  ODINEX e x e c u t i o n  p rocedure .  
The preprogrammed ODINEX e x e c u t i v e  p rocedure  is u s u a l l y  z a t i s f a c -  
t o r y  for  m o s t  s i m u l a t i o n s .  However, under  c e r t a i n  c i r c t m s t a n c e s ,  
it may be d e s i r a b l e  t o  a l t e r  t h e  procedw-e f o r  one o r  rare tcchno-  
logy program e x e c u t i o n s  du r ing  a s im*-l la t ion sequence.  The d e s i r e d  
p rocedure  i s  p rov ided  as d a t a  i n p u t .  
COAP: C o m b a t  Op t imiza t ion  and A n a l y s i s  Program. 
The program is  an  e x t e n s i o n  of . t h e  ATOP I1 (Atmospheric Trajectory 
Opt imiza t ion  Program). I t  uses two ccmplete t h r e e  d imens iona l  
e q u a t i o n s  of motion sets to  s i m u l a t e  a one-on-cne c o n b a t i v e  en- 
c o u n t e r  between t w o  f l i g h t - v e h i c l e s .  The aerodynamic and pro- 
p u l s i o n  r e p r e s e n t a t i o n  are s u f f i c i e n t l y  g e n e r a l  t o  pe rmi t  t h e  
s i m u l a t i o n  of  b o t h  c u r r e n t  and proposed v e h i c l e s  by i n p u t  d a t a .  
Gene ra l i zed  r o t a t i n g  p l a n e t a r y  and a tmosphe r i c  models permic 
s t i m u l a t i o n  o f  e i t h e r  a i r c r a f t ,  missiles o r  s p a c e c r a f t  e n c o u q t e r s .  
Combat roles f o r  each  v e i l i c l e  ( a t t a c k e r ,  d e f e n d e r ,  e tc . )  a r e  
a u t o m a t i c a l l y  d e f i n e d  on t h e  b a s i s  o f  v e h i c l e  r e l a t i v e  p o s i t i o n s ,  
heading  and v e l o c i t i e s .  Depending u p m  t h e  v e h i c l e  role  selected,  
any one o f  t h e  se t  of t ac t ics  dcsicjned t o  s a t i s f y  t h e  role re- 
qu i r emen t  i s  executed .  The t a c t i c s  va ry  i n  n a t u r e  from s t r i i i q h t  
forward  s t y l i z e d  maneuvers such as s p l i t - S  t o  b a r r e l  rolc,  t o  
th ree -d imens iona l  lag o r  lead p u r s u i t  Fdth .  Combat OptiI3lZatiOn 
c a p a b i l i t y  may be i n t r o d u c e d  hy r e p e t i t i v e  s i n u l a t i o n  u s i n g ,  pa ra -  
m e t e r i z a t i o n  of the combat guidance pa rame te r s  and t h e  a p p l i c a -  
t i o n  of m u l t i v a r i a b l e  s e a r c h  t echn iques .  A l t e r n a t e l y  , t h e  
48 
v a r i a t i o n a l  c a l c u l u s  may be employed t o  d e f i n e  op t ima l  con t inuou  
control a g a i n s t  a r e a c t i n g  opponent.  I n  t h e  pararncter op t imiza-  
t i o n  mode, t h e  option to  de termine  a mini-niax s o l u t i o n  is also 
available. 
COGO: Run Time Compiler  Program. 
COGO is an independent  program t h a t  a c c e p t s  FORTRAN e q u a t i o n s  as 
operation. For  each i n p u t  c q u a t i o n ,  t h s  computed r e s u l t  is plnc 
in t h e  O D I N  i n f o r m a t i o n  f i l e  for p o t e n t i a l  storage i n  t h e  dynami 
data b a ~ e .  The COGO p r o y r m  uses a r u n  time compi le r  deve loped  
f o r  Langley Research Center .  The p r i n c i p l e  of o p c r a t i o n  o f  t h e  
r u n  time coinpiler is similar t o  t h a t  o f  t h e  systcin coxqiler ex- 
&ne 01 atpat ian is e s e c u t e d  as i t  1s Compilc&. Only 
riables may be employed and no  b ranch ing  logic is 
L i n p u t ,  conipiles the e q u a t i o n  and per forms t h e  i n d i c a t e d  FORTRAN 
pravided. 
COLOGO: Compile, Load and G o  Procedure .  
GO procedure is a combinat ion o f  t h e .  CO?lPILER and NS- 
rocedures, The compilc and e s e c u t e  f u n c t i o n s  axe  per-  
f o r x e d  by a s i n g l e  d i r c c r i v c  us ing  t h e  systcr:. run  compi l e r  and 
the system loader. 
reads d i r e c t l y .  tloiicver , t h e  program can  ob ta i r  d a t a  f ron thc 
data basic by t h c  p l a c c a c n t  of &ita b a s e  i n t c r f a c s  in io r r l a t io i i  
i i i r c c t l y  i n t o  t h e  FORTXAX prcyram i t se l f .  
The procedure does not perr. i i t  t h e  use of dst 
m to Cornpile a FOWIWN Program. 
cor , ,pi ler  to  c o z p i l e  a u s e r  s u p p l i e d  
r u n  stream t o  an CDIN s i n u l a t i o n .  Tk 
RTRAN program which can be augmented 
ch as for v a r i a b l e  d imens ions ,  data 
staterxents, ctC. To e x e c u t e  the compiled coilc t h e  u s e r  executes  
the NYPRc)GRrUl procedure .  The CO?lPILER procedure  g i v e s  t h e  O D I N  
u s e r  t h e  c a p a b i l i t y  of performing ccmples  dat.a t r a n s f c r m a t i o n s  
u s i n g  t h e  f u l l  c a p a b i l i t y  of t h e  fO2TRAN l s n j u a g e .  
COSI'Lo~5": A i r c r a f t  conf i g u r a c i a n  rlot..  
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t o ' d r i v o  t h e  CiuCONP p l o t t e r  and a G E a E R  p lo t t e r ,  The p r o g r a n  
h a s  also bccn used f o r  o n l i n e  d i s p l a y  of a c o n f i g u r a t i o n  on t h e  
CDC 250 Cathode Ray Disp lay  Device. 
DAPCA: Development and P r o d u c t i o n  C o s t  of Aircraf t :  
The DAPCX program computes development and p r o 2 u c t i o n  costs of 
major s u t s p s t c m  of f l y  away a i r c r a f t  ( a i r f r a m e ,  c n g i n e s ,  ctc.) . 
The cost i n p u t  d a t a  is simple and g e n e r a l l y  relates t o  a i r c r a f t  
and  e n g i n e  performance c h a r a c t e r i s t i c s  such  as - g r o s s  t a k e o f f  
we igh t ,  specd e n g i n e  t y p e  t h r u s t ,  etc.  The a c t u a l  cost e q u a t i o r  
are t h e  power law t y p e s  w i t h  b u i l t - i n  cost c o e f f i c i e n t  and u s i n 5  
u s e r  s u p p l i e d  parameters. 
DATCOX: C o n f i g u r a t i o n  Design A n a l y s i s  Program i :Rig). 
The program computes aerodynamic c o e f f i c i e n t s  f o r  a i r c r a f t / s p a c c  
c r a f t  c o n f i g u r a t i o n s  i n  t h e  subsmic/transonic;supcrsonic rcriim 
A n a l y t i c a l  t c c h n i q u c s  i n  the program are b a s e d  on those of USXF 
s t a b i l i t y  and c o n t r o l  handbook, DATCON, r e v i s i o n  Scptcmber, 137C 
The program comprises f o u r  modules which compute l i f t ,  p i t c h ,  s i 6  
s l i p  and c v n t r o l  c h a r a c t c r i s  tics r e s p e c t i v e l y .  ??odular  c c n s  t ruc  
t i o n  e n a b l c s  o t h e r  sets  of aerodynamic c h a r a c t c r i s t i c s  t o  !x 
i n c o r p o r a t c d  i n t o  tfic program. 
The program c a l c u l a t e s  t h e  s t a t i c s  s t a f j i l i  t y  c h a r a c t e r i s t i c s  cf 
wings ,  bodies, wing-body , t a i l -body  and v i n g - b o d y - t a i l  cor?hir,a- 
t i o n s  a t  a n g l e  of a t t a c k  and s l i de  s l i p  throuclh t h e  Nach ramie  
from s u b s o n i c  t o  su i>c r son ic  speeds. Khenever a p p r o p r i a t e  DXTCO?: 
methods are available,  t h e  program conpu tcs  l o n g i t u d i n a l  Gcril-a- 
and cm , l o n g i t u d i n a l  c o e f f i c i e n t  CD, CL, Cm an2 s i d e  
Q 
and Cn . Outpu t  f o r  c o n f i g u r a t i o n s  of 
a 
s l i p  de r ' i va t c s  Cy 
i; 
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EDIT: CRT E d i t i n g  Program. 
The program w a s  developed f o r  u s e r s  of' t h e  CDC 250 CRT scope 
sys tem a t  LRC t o  accommodate o n l i n e  sou rce  f i l e  e d i t i n g  recom- 
p i l a t i o n  and re -execut ion .  With t h e  p rope r  u s e  of  c o n t r o l  cards, 
it also h a s  t h e  c a p a b i l i t y  t o  r ecove r  from abnormal e x i t s .  
upon certain types  of  c o r r e c t i o n s  can  be made and t h e  program can 
be r e s t a r t e d .  The EDIT p rov ides  f o u r  modes of  d i s p l a y ,  source, 
i n p u t ,  o u t p u t  and zecord. Source  is t h e  u s e r s  sou rce  language 
program. I n p u t  is t h e  u s e r s  i n p u t  control  card f i l e .  Output  is 
t h e  u s e r s  normal o u t p u t  f i l e  and r e c o r d  is  any r eco rd  of a system 
f i l e  which is  a t t a c h e d  t o  t h e  c u r r e n t  job. The EDIT program i s  
uscd i n  t h e  O D I N  s y s t e m  for d a t a  v e r i f i c a t i o n  between- technology 
module e x e c u t i o n  when o p e r a t i n g  ODIN i n  t h e  o n l i n e  mode. 
Where- 
ENCYCL: Design Po in t  Performance of Turbo- 
j e t  and Turbofan Engine. 
ENCYCL computes t h e  d e s i g n  p o i n t  performance of t u r b o j e t  and 
t u r b o f a n  eng ine  c y c l e s  from u s e r  s u p p l i c d  eng ine  c h a r a c t e r i s t i c s  
and f l i g h t  c o n d i t i o n s .  The program i n p u t  r e q u i r e s  t h e  a i r p l a n e  
Mach n u n h x ,  t h e  a l t i t u d e ,  t h e  s t a t e  c o n d i t i o n s ,  t u r b i n e  i n l e t  
t empera tu re ,  a f t e r b u r n e r  tempera ture ,  d u c t  b u r n e r  tenyerature,  
bypass r a t i o ,  c o o l a n t  flow, compcnent e f f i c i e n c i e s  and component 
p r e s s u r e  ra t ios .  The o u t p u t  yieles s p c c i f i c  t h r u s t  azd s p e c i f i c  
f u e l  consumption, eng ine  cf f icienci.es and s e v e r a l  component 
l empera tu rcs  an? p r e s s u r e s .  The themodynamic  p r o p e r t i e s  of t h e  
gas are expres sed  as funct . ions of t ! : c  t empera ture  and Cue1 t o  
a i r  ratio.  . 
ENDODS : End ODIN Pxocedure. 
ENDODN is a u s e r  s u p p l i e d  procedure which i s  execu ted  a t  t h e  
normal t e rn i ina t ion  of  t h e  ODIN s imula t ion .  Usual ly  t h e  procedure  
is used f o r  s a v i n g  t h e  dynamic p o r t i o n  of  t h e  O D I N  d a t a  b a s e  for 
f u t u r e  use.  However, any supplemental  c o n t r o l  procedure  can be 
s u p p l i e d  by t h e  u s e r .  ENDODN does n o t  r e q u i r e  a s p e c i a l  execu- 
t i o n  command. 
FNT: F i l e  Name Table Prcgram, 
rhe  program g e n e r a t e s  '1 f a b u l a r  l ist of f i l c s  c u r r e n t l y  a t t a c h e d  
to  t h e  job c u r r e n t l y  ir .  e s e c u t i o n .  it. also d e t e r n i n e s  the 3 ~ : -  
b c r  o f  f i l e s  a t t a c h e d  t o  c o n t r o l  p o i n t  ze ro  ( a s s i g n e d  t o  the 
s y s t e m )  and the number of names a v a i l a b l e  i n  the  f i l e  r,ac:e t a b l e .  
I t  is  used i n  O D I N  to i s o l a t e  u n u s e d  files c r e a t e d  uGr in9  execc- 
t ior . .  
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GCNENG: A Program f o r  Ca lcu la t ing  Design 
and Off-Design Performance for  
T u r b o j e t  and Turbofan Engines. 
The program calculates s t e a d y - s t a t e  d e s i g n  and o f f - d e s i g n  p e r f o r -  
mance f o r  one and t w o  s p o o l  t u r b o j e t  eng ines .  The o r i g i n a l  ver- 
s ion  o f  t h e  GENENG program en t i t l ed ,  "S imula t ion  of  Turbofan  
Engines"  w a s  deve loped  by t h e  Turboengine Div is ion  o f  t h e  A i r  
Fo rce  A e r o  P r o p u l s i o n  Labora tory ,  Wright  P a t t e r s o n  A i r  FGrCe B a s e ,  
Ohio. The program uses  s t e a d y  s ta te  g a s  dynamics t o  compute t h e  
e n g i n e  d e s i g n  c o n d i t i o n s ,  Off-design performance i s  Lased on 
s p e c i f i c  component perfxmance maps which must  be prov ided  by 
t h e  user .  - 
G E N E N G I I :  A Program f o r  Ca lcu la t ing  Design and 
Off-Design Performance of Two and Three  
Spool  Turbofans w i t h  as many its Three 
Nozzles .  
JL/ .+' 
- b  
The G E N E N G I I  program is a d e r i v a t i v e  o f  GEXENG (Genera l i zed  Eng- 
i n e  Program). GENENG i s  c a p a b l e  o f  c a l c u l a t i n g  s t e a d y  s t a t e  de- 
sign and of  f -dcs iqn  performance o f  t u r b o f a n  and t u - b o j e t  e n g i n e s  
were evolved  from SPlOTE (S imula t ion  of '2urbofan Cncjine) :;iiich 
w a s  developed  by t h e  Turbo Engine D i l - j - s i o r .  o f  t h e  Air F c r c e  Aero 
Pi:opulsion Labora to ry  of Wricjht P a t t e r s o n  A i r  Force Base, Ohic. 
G E N E K G I I  calcalatrls d e s i g n  and off-dcsigr. e n g i n e  F c r f o r n a c c c  for 
c s i s t i n g  or t h e o r e t i c a l  f a n  eng ines  w i t h  tvo or  ti-xcc s p o o l s  and 
w i t h  ose, two or t h r e e  n o z z l e s .  In a d d i t i c n ,  fan p c r f o r n a n c c  
can a lso be c a l c u l a t e d .  Nine  b a s i c  t u r b o f a n  e n g i n e s  can be cal- 
c u l a t e d  w i t h o u t  any progranuniny changes.  Inc luded  anong t h e  n i n e  
are t h r e e  t y p e s  which are l i k e l y  c a n d i d a t c s  f o r  STOL a i r c r a f t  w i t h  
i n t e r n a l l y  blown f l a p s .  Elany o t h e r  p o s s i b i l i t i c s  csist  which are 
too nunterous t o  ment icn ,  be ing  deterrnineCi by t h e  u se r s  knowledge 
o f  t h e  program i t s e l f .  
G'EOMETRY : Body Coordinate Genera tor. 
T h e  program q e l x r a t e s  t r a p e z o i d a l  and e l 1 i i : t i c a l  bod; c o o r d i n a t e s  
i n  a format su i t . ?b l e  f o r  use i n  I:iVlP, :;'ETTLD, DRAG m i  COSPLOT. 
The Eorbody cocrc i ina tes  a r e  qcneratcd accor3 ing  t o  a "r:inimurn 
c i r a ~ : "  a r e a  u i s t r i b u t i o n  .:.iiilc thc a i t c r b e q -  c ~ ~ r d i n a t c s  a re  con- 
stant ii: cross sr?ctio:ial area. 
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use r  to r e t r i e v e  d a t a  sets from data cell  w i t h o u t  t h e  u s e  o f  t h e  
wedge number. The usage  is i d e n t i c a l  t o  t h e  FETCII program e x c e p t  
t h a t  t h e  wedge number p o s i t i o n  parameter  on t h e  cont ro l  c a r d  is 
omi t t ed .  
IiABACP: Hypersonic  A r b i t r a r y  Body . 
Aerodynamic Computer Program. 
The program treats t h e  vehicle  s u r f a c e  as a c o l l e c t i o n  of q u a d r i -  
l a t e ra l  e l emen t s  o r i e n t e d  t a n g e n t i a l  t o  t h e  local v e h i c l e  s u r f a c e .  
Each i n d i v i d u a l  p a n e l  may have i t s  local p r e s s u r e  c o e f f i c i e n t  
s p e c i f i e d  by any of a v a r i e t y  of p r e s s u r e  c a l c u l a t i o n  methods,  
i n c l u d i n g  modi f ied  Newtonian, b l u n t  body, Kcwtonian-Prandtl-Meyer,  
tangent-wedge, tangent-cone,  boundary l a y e r  induced  p r e s s u r e s  ,. 
f r e e  molecu la r  f low and a number of e m p i r i c a l  r e l a t i o n s h i p s .  
Viscous  f o r c a s  may also be c a l c u l a t e d ,  which i n c l u d e  v i scous - in -  
v i sc id  i n t e r a c t i o n  e f f e c t s .  Sk in  f r i c t i o n  o p t i o n s  i n c l u d e  t h e  
r e f e r e n c e  t empera tu re  and r e f e r e n c e d  e n t h a l p y  methods for b o t h  
l a m i n a r  imd t u r b u l e n t  f low,  t h e  Spalding-Chi method and a s p e c i a l  
b l u n t  body s'kin f r i c t i o n  method. Con t ro l  s u r f a c e  d e f l e c t i o n  
p r e s s u r e s  i n c l u d i n g  s e p a r a t i o n  e f f e c t s  t h a t  nay be caused  by t h e  
d e f l e c t e d  s u r f a c e  are a l so  c a l c u l a t e d .  Sc' \wral o t h e r  o p t i o n s  a r e  
a v a i l a b l e  i n c l u d i n g  t h e  c a l c u l a t i o n  of dynamic d e r i v a t i v e s ,  t h e  
g e n e r a t i o n  of geometry and p l o t t i n g .  
IIEADING: 'leading Progra;;.,. 
HEADING is a c o n t r o l  c a r d  c a l l a b l e  program which p r i n t s  u s e r  
s p e c i f i e d  heading  i n f o r m a t i o n  i n  l a r g e  c h a r a c t e r s .  The c h a r a c t e r s  
o f  t h e  heading  are formed by t h e  p a t t e r n  of c h a r a c t e r s  which f o r m  
t h e  c h a r a c t e r  i t s e l f .  The let ters o f  t h e  heading  are e i g h t  
c h a r a c t e r s  wide and t e n  c h a r a c t e r s  h igh .  I n p u t  to  t h e  program 
is placed on t h e  heading  e x e c u t i o n  c a r d .  
IMAGC: Conf igu ra t ion  Di sp lay  Program. 
The IblAGE program u s e s  a s u r f a c e  d e f i n i t i o n  bascd  on q u a d r i l a t e r a l  
e l emen t s  t o  d e s c r i b e  p i c t u r e - \ i k e  drawings of a r b i t r a r y  c o n f i g u r a -  
t i o n s .  The program is  used ft.)r visual  c h c t k  on geomet r i c  i n p u t  
d a t a ,  c o n i t o r i n g  of geonctric p e r t u r b a t i o n s  and p r o v i d i n g  r e p o r t s  
on cjeomctric c h a r a c t e r i s t i c s .  Geometric c k a r a c t c r i s t i c s  r.ay be 
i n p u t  c3r taken  from it d a t a  ba+;e of c o n f i q u r a t i o n  u a t a .  The u s e r  
d c s c r i b c s  t h e  viewing anglcs ,  p o s i t i o n  anu sca l inc j  f d c t o r s  as well 
as t c x t u a l  i n f  o r n a t i o n  throuch  t h e  i n p u t  F rcccdurc .  T h e  c o n f i q u r a -  
t i o n  cirawings are cjcnerntcd en a plot v c c t o r  file wl:icii i s  s u i t -  
able f o r  processing Ly t h e  2iiLCO>lP p r o c e s s o r .  
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IMG250: P i c t u r e  Genera to r  f o r  CDC 2 5 0  CRT. 
The program is i den t i ca l  i n  s t r u c t u r e  t o  t h e  IMAGE program f o r  
g e n e r a t i n g  p i c t u r e - l i k e  images on o f f l i n e  d c v i c e s .  Ik!G250 gen- 
erates p i c t u r e s  ( f rom t h e  same d a t a )  f o r  t h e  CDC 250 CRT. IMG250 
is used  f o r  e d i t i n g  geomet r i c  d a t a  when o p e r a t i n g  t h e  O D I N  sys tem 
i n  t h e  o n l i n e  mode. 
JOBTIME: S imula t ion  Timing Program. 
JOBTIME generates a day f i l e  message which s p e c i f i e s  t h e  number 
o f  CPU seconds  and t h e  number of o p e r a t i n g  sys t em r e q u e s t s  (OS 
CALLS) accumulated s i n c e  t h e  s t a r r  of  t h e  job. 
MAC: Macro-Processor 
MAC is a p r e c o m p i l a t i o n  t y p e  s t r i n g  p r o c e s s i n ?  language  g e n e r a t o r  
which p e r m i t s  t h e  u s e r .  to  c o n s t r u c t  new l anguages  or augncnt  
e x i s t i n g  ones.  I n p u t  command s t r u c t u r e s  can  l e  d e v e l o p d  which 
are l a t e r  broken down by the MAC program and conve r t ed  i n t o  
l anguage  e l e m e n t s  f o r  p r o c e s s i n g  by e x i s t i n g  compi l e r s  or d a t a  
p r o c e s s o r s .  
t IINIVER: Aerodynamic Heat ing  Program. 
The program is a " m i n i a t u r c  v c r s i c n "  of t h c  blcDonnc11 Louglas  
C o r p o r a t i o n  Aerodynamic Heating Program for  use on t l ; ~  CDC 6600 .  
I t  c a l c u l a t e s  r a d i a t i o n  c q u i l i k r i u m  t c n p e r a t u r c  and p r o v i d e s  
t h i n - s k i n  t empera tu re  r e sponse  f o r  i n p u t  materials. (Aluminium, 
t i t a n i u m ,  Rene 41 and i n c o n n e l  X-750 p r o p e r t i e s  are b u i l t i n . )  
Heat t r a n s f e r  methods are a v a i l a b l e  i n c l u d i n g  Fay and R y d e l l ,  
E r k a r t  Referer.ce En tha lpy ,  Spauld ing  and C h i ,  F l a t  P l a t e  Rho-blu 
p r o d u c t ,  t h r e e  swept  c y l i i i d e r  t h e o r i e s  and L e e s - D e t r a  and Hida lgo  
f o r  hemisphe r i c  nose  caps .  The program also i n c l u d e s  t h e  capa- 
b i l i t y  o f  t r a v e r s i n g  t h r e e  s e q u e n t i a l  s h o c k s ,  shape-edge and cme 
p l u s  o b l i q u e  shock of  a v a i l a b i l i t y ,  sharp-edge  and cone mod i f i ed  
Newtonian and swept  c y l i n d e r  s t a g n a t i o n  l i n e  p r e s s u r e  s o l u t i c n .  
MYPROGRtVl: Exccute a Compiled Program. 
T h i s  p rocedurc  is u s e d  t o  execute  a compiled FORTRAX program, 
which has  been gcneratc 'd  by t h e  CONPILCR procedure .  I t  i s  
s e p a r a t e d  f r o m  t h e  coa ip i le r  p rocedc re  so t h a t  t h e  u s e r  ray do 
a one-t ime compJlation e a r l y  i n  a s i m u l a t i o n  and use t h e  com- 
p i l e d  program many t i r e s  l a t e r  i n  t h e  s i r : u l a t i o n .  I n p u t  d a t a  
is pro\*ided by t h e  u s e r  i n  the f o r n a t  s p e c i f i e d  i n  the CO?:PILEH 
g e n e r a t e d  program. 
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ODINEX: A Computer Program f o r  Linic- 
i n g  O t h e r  Computer Programs. 
ODINES i s  an execu t ive  computcr progran which cont ro ls  t h e  scq- 
uencc of e x e c u t i o n  and data nwxwjcment f u n c t i o n  f o r  a l i b r a r y  of 
indcpcndent  computcr programs. Communication of conunon infomma- 
t i o n  i s  accomplishcd by ODINEX through a dynamica l ly  c o n s t r u c t e d  
and main ta ined  data base of common in fo rma t ion .  The unique 
f e a t u r e  of the ODINEX e x e c u t i v e  system is the manner i n  which 
computcr  programs are l i n k c d .  Each program main ta ins  i t s  i n d i v i d -  
ual i d e n t i t y  3nd as such  is unaware of i t s  c o n t r i b u t i o n  t o  the 
l a r g e  scalc program. This f e a t u r e  makes any cortputcr procjram a 
candidate  f o r  use w i t h  t h e  ODINEX execu t ive  sys tcn : .  
PADS: Performance Ana lys i s  an2 
Design S y n t h e s i s  Prtigram. 
The Performance Ana lys i s  and Desiqn S y n t h e s i s  (PADS) cornputar 
program h a s  a two-fold purpose. I t  can s i z e  launch  v c h i c l c s  i n  
c o n j u n c t i o n  w i t h  c a l c u l u s  of v a r i a t i o n s  opt imal  t ra jec tor ies  ani! 
can a l so  be used as a g e n e r a l  purpose branched t r a j e c t o r y  o p t i n i  - 
z a t i o n  program. I n  t h c  for:::er c a s c ,  i t  has the ' S p c e  S h s t t L c  
S y n t h e s i s  Program as well as il s i rnpl i fLcd  s t a q e  vci(:ht : : : G ~ L ~ c  
f o r  o p t i x i l l y  s i z i n g  inanncd recoverable  launch  vchic1i.s. T:'t.>r 
t r a j e c t o r y  o p t i r i x a t i o i i  s i o n c  o r  w i t h  s i z i n g ,  I';il>S hzs t\<o t r a -  
j ec tory  ::iodult;s. T h e  f i r s t  t r a  j c c t o r y  zoG.ulc uses t!ic 
o f  s t c c p c s t  d e s c e n t ,  t h e  seconci employs t!ic r.ct!:od of :: i s s i l inrsr-  
i z a t i o n ,  which r e q u i r e s  i? s t a r t i r i g  s o l u t i o r .  from t!ic first: 
t r a  j c c t o r y  modulc. 
PAYEL: A Proyran For Genera t ing  .Panell€xi 
C o n f i g u r a t i o n  Geonetry.  
The PAYEL program is a g e n e r a l  purpose e x t e r n a l  geo::ietrp d c f i n i -  
t i o n  program developed p r i m a r i l y  f o r  u s c  Zn i a r g e  s ca l e  s i n u l a t i o n s  
of the p r e l i m i n a r y  d e s i g n  process .  I t  i s  a n  i n i e p e n d c n t l y  opera-  
ted srcgram which pr-oGuccs a sequence of y u a d r i l a t c r a l  p a n e l s  
d e f i n e d  by the c o r n e r  p o i n t s .  T!:c r e s u l t i n ;  d a t a  i s  CicceptablC! 
as  i n i , u t  t o  ccmputer p r o q r a c s  i n  o t h e r  technical . d i s c i ,  11:;es SQC!: 
as acrc.ciynac;ics, structures axd thcrr,ody:ia:::ics. 
'rhc prcgran  ;?cccpts as  in i :u t  a 7:aricty of t c;r:::ats Lroi:r dctailc2 
d e f i n i t i o n  0 5 .  i:.di.\'iuual pci:~,cls to s e l c c t i c n  cf q c : : c r a . ~ : ~ i J  t:.:d- 
slid- tflrec dir,icl1sic)I:a1 si;apes. ;..c suc:it,n C s t a  i::cluL*.Ls cix-cu:ar 
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PL3TSV: Procedure  f o r  Saving CALCOMP P l o t s .  
The  p rocedure  i s  used  f o r  c o l l e c t i n g  p r e v i o u s l y  w r i t t e n  CALCOMP 
p l o t  f i l e s  on a p h y s i c a l  tape for s u b m i t t a l  to t h e  CALCONP p l o t  
hardware.  The O D I N  sys tem is  des igned  t o  e x e c u t e  many programs, 
any of which may produce p l o t t e d  in fo rma t ion .  
bcen  made by which p l o t  vector d a t a  i s  accumulatcd on a temporary 
d i s k  f i l e  d u r i n g  a g iven  O D I N  run.  T h i s  p r o v i s i o n  a v o i d s  t h e  
mounting of p h y s i c a l  t a p e s  d u r i n g  a Simula t ion .  Upon e t c c u t i o n  
of PLOTSV, t h e  p l o t t e d  in fo rma t ion  i s  t r a n s f e r r e d  t o  a p h y s i c a l  
t a p e  and t h e  t a p e  i s  unloaded f o r  l a t e r  p l o t t i n c ; .  
P r o v i s i m s  have  
PLOTTER: An Independent  P l o t t e r  Program. 
The program p r o v i d e s  a g e n e r a l i z e d  X-y p l o t t i n g  and con tour  draw- 
i n g  c a p a b i l i t y  f o r  u se  w i t h  t h e  prcgram. P l o t  d a t a  may come 
from t h e  i n p u t  stream or from a u x i l i a r y  f i l e s  c r e a t e d  by o t h e r  
program elements.  The p l o t  program can  g e n e r a t e  p l o t  v e c t o r  
f i l e s  f o r  a v a r i e t y  of p l o t  d e v i c e s  i n c l u d i n g  CALCONP G e r L e r ,  
CRT a r d  t h e  p r i n t e r .  
PLT250: Independent  P l o t  Program f o r  CDC 250. 
The program is an independent  p l o t  program which a c c e p t s  data t o  
be p l o t t e d  from t h e  i n p u t  or from p l o t  f .  l e  g c n c r a t a a  by a n o t h e r  
program. The i n p u t  PLT250 i s  i d e n t i c a l  with t h c  i n p u t  fcr  TLGTT'EI 
The o u t p u t  i s  g e n e r a t e d  Ln t h e  CDC 250 sLope r a t h e r  t han  an o f f -  
l i n e  d e v i c e .  
PLTVIEh": Program f o r  Generating 
S e p a r a t i o n  P l o t s .  
The program is 2 companion. to  t h e  SEPARTE program which computes 
t h e  s e p a r a t i o n  d i s t a n c e  and a t t i t u d e  o f  two s t ages  o f  the s h u t t l e  
v e h i c l e  d u r i n g  s t a g i n g .  PLTVIEW g e n e r a t e s  p l o t s  of s e p a r a t i o n  
d i s t a n c e  and v e h i c l e  o r i e n t a t i o n  f o r  t h e  s e p a r a t i n g  v e h i c l e  com- 
ponents .  The i n p u t  d a t a  is o b t a i n e d  f r o n  t h e  tirnc h i s t o r y  d a t a  
g e n e r a t e d  by t h e  SEPARTI progran:. The o u t p u t  is a GERi3LR p l o t  of 
the s e p a r a t i o n  d i s t a n c e  and o r i e n t a t i o n .  
POST: A Procjram t o  Optimize 
S i r u l a t c d  T r a j e c t o r i e s .  
The POST p r o g r m  is a g e n e r a l i z e d  point r.ass d i s c r e t e  p a r a r e t e r  
t a r g e t i n g  a11 optimizat1o:I program. POST' pro1.iC.t.s t h e  c a p a t b i l l t y  
t c  t a r g e t  and o i ' t in izc  point R ~ S S  t r a j e c t o r l c s  for  it pk-crec! or 
u::powcred vehicle n c a r  an a r b i t r a r y  r o t a t i n ?  o b l a t e  p l a a c t .  I'OST 
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h a s  been s u c c e s s f u l l y  used  i n  s o l v i n g  a wide v a r i e t y  o f  atmospher- 
i c  a s c e n t  and r e -en t ry  problems as w e l l  as exoatmospher ic  o r b i t a l  
t r a n s f e r  problems. The g e n e r a l i t y  of t h e  program is evidenced  by 
i t s  N-phase s i m u l a t i o n  c a p a b i l i t y  w h i c h ' f e a t u r e s  g e n e r a l i z e d  p l an -  
e t  and v e h i c l e  models. T h i s  f l e x i b l e  s i m u l a t i o n  c a p a b i l i t y  i s  
augmented by an e f f i c i e n t ,  discrete parameter  o p t i m i z a t i o n  capa- 
b i l i t y  which i n c l u d e s  e q u a l i t y  and i n e q u a l i t y  c o n s t r a i n t s .  
POSTDATA: POST P l o t  Data 
Generation Program. 
The program i n t e r r o g a t e s  t h e  ogtput  d a t a  t a p e  f r o m  t h e  POST pro-  
gram and  g e n e r a t e s  s p e c i f i e d  p lo t  i n f o r m a t i o n  p e r t a i n i n 9  t o  t i m e  
h i s t o r i e s  of v a r i o u s  performance and c o n s t r a i n t  f u n c t i a n s  a v s ' l -  
able a f t e r  the e x e c u t i o n  of t h e  POST program. The program i s  
d e s i g n e d  s p e c i f i c a l l y  as an  i n t e r f a c e  program f o r  a n a l y s i s  of 
t r a j e c t o r y  data  f r o m  t h e  POST program. 
PRESTO: Program f o r  Rapid Ear th- to-  
Space Trajectory Opt imiza t ion .  
The PRESTO program u s e s  a closed loop d e e p e s t  d e s c e n t  op t imiza -  
t i o n  procedure  t o  d e r i v e  f l i g h t  t ra jector ies  t o  produce maximum 
booster payloads 5or  a v a r i e t y  o f  space  mis s ions .  T r a j e c t o r i e s  
can be computed i.!i t h r e e  d e g r e e s  of freedom about  a s p h e r i c a l  
r o t a t i n g  e a r t h .  
cvclcs can  be accmunodated. Coast p e r i o d s  a re  permi t t e d  between 
e.-ch stage. 
t h e  computa t ion .  
sidered t h e  launch  d i r e c t i o n  and tine the i n t e r s t a y e  coast dura-  
t i o n s  and the upper  stage t h r u s t  sequencing ,  t h e  complete  p i t c h  
and y a w  a t t i t u d e  h i s t o r i e s  and te r rn ina l  c o n s t r a i n t s .  I r rmcdia te  
c o n s t r a i n t s  may he i n t r o d u c e d  on ang le  a t t a c k s ,  c o a s t  o r b i t  
. p e r i g e e  a l t i t u d e  o r  on t h e  p roduc t  on a n q l c  a t t a c k  a n 3  c iynsr ic  
p r e s s u r e .  
s a t i s f a c t i o n  o f  te rmina l  c o n s t r a i n t s  and r e d u c e s  t h e  n u d e r  of 
i t e r a t i o n s  r e q u i r e d  t o  a c h i e v e  convergence.  
. 'our powered s t a g e s  and t h r e e  upper  s t a g e  t h r u s t  
Aeri.uynamic l i f t  and d r a g  f o r c e s  are i n c l u d e d  i n  
The opt in i - iza t ion  r o u t i n e  s imul t aneous ly  con- 
The closed l o o p  procedure g r e a t l y  f a c i l i t a t e s  t h e  
PRICE: A Program for Improved C o s t  E s t i m a t i o n .  
T h e  PRICE computer program was developec! i n  order t o  r a p i c l y  
y c n c r a t e  p re l in i l l i l ry  e s t i m a t e s  of t o t a l  program costs f o r  r . i s s i o n  
= t u d i c s  of V-STOL and conventional t r a n s p o r t  a i r c ra f t  , hypersonic 
a i r c r a f t  and r e u s a b l e  space t r a ~ s p o l - t a t i o : ~  sys ter.. The prcGrars  
!xes cost  e s t i m a t i n g  r e l c t t i o n s h i p s  based on ! i i s t o r i c a l  c o s t  t ia t2  
for c o n v e n t i o n a l  axid advanced a i r c r a f t ,  spacac ra f  t d:id l a u n c h  
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v e h i c l e s .  The approach i s  based on c o r r e l a t i n g  cost w i t h  para-  
meters such as weight  and t h r u s t ,  t h e n  a d j u s t i n g  t h e  r e s u l t s  
w i t h  complexi ty  f a c t o r s  t o  account  for d i f f e r e n c e s  i n  mater ia l  
and t y p e  of c o n s t r u c t i o n ,  performance l e v e l ,  etc. 
PRINTER: Procedure f o r  P r i n t i n g  P r e v i o u s l y  
Generated Output  I n f o m a t i o n .  
The o u t p u t  from an  ODIN program is normally n o t  p r i n t e d .  Ilowever 
. t h e  u s e r  has  the  o p t i o n  to o b t a i n  t h e  p r i n t o u t  t h rough  u s e  o f  t h e  
p r i n t e r  p rocedure  imncu ia t e ly  f o l l o w i n g  t h e  e x e c u t i o n  o f  t h e  O D I N  
program. The p r i n t e r  prograrit is used to t r a n s f e r  t h e  normal ou t -  
p u t  f r o m  a s p e c i a l  f i l e  gene ra t ed  a t  e x e c u t i o n  t i n e  ( f o r  t h e  O D I N  
program) t o  t h e  normal o u t p u t  f i l e .  
REPORT: Repor t  Generator. 
REIPORT is a submodule cf t h e  ODIXEX program which allows t h e  
u s e r  t o  i n t e r r o g a t e  t h e  data  base and format  e n g i n e e r i n g  r e p o r t s .  
D e s c r i p t i v e  in fo rma t ion  may be p rov ided  i n  any fori?at  w i t h  de- 
l i m i t e d  da ta  base names i n s e r t e d  where d a t a  base r e q u e s t s  are 
des ired.  The r e p o r t  is a u t o m a t i c a l l y  p r i n t e d  w i t h  d e s c r i p t i v e  
i n f o r m a t i o n  p r i n t e d  e x a c t l y  as o r i g i n a l l y  s p e c i f i c i !  and d e l i n i t e d  
da t a  base names r e p l a c e d  by the cor re spond ing  d a t a  b a s e  informa- 
t i o n .  
ROUTECC: Data Routing Procedure .  
ROL'TLCC i s  J. procedure  ::.hereby t h e  use:: may m u t e  hc n c m a l  
o u t p u t  f r o 3  ar2y O D I X  program t o  the c e n t r a l  conpu tc r  f a c i l i t y  
f o r  p r i n t i n g  h i g h  sFeed p r i n t e r s .  It at.oFus u s e  of t h e  
medium spced F r i n t e r s  a s s o c i a t e d  x i t h  the batc:; tcrr.ir.al systea 
a t  LRC. ROUTECC is c s c c u t e d  a f t e r  each  ODI:; progran  for which 
t h e  p r i n t o u t  i s  d e s i r e d .  The p r i n t e d  o u t p u t  i s  r e t c r n c d  t o  t h e  
o r i g i n a t i n g  t e r m i n a l  by t h e  u s u a l  d e l i v e r y  services. 
ROGTESP : Dynamic P r i n t i n g  Procedure .  
T h i s  ;:rcccicrt d1lok-s the u s e r  t o  o b t a i n  da t a  base i n f o m a t i c n  
a t  t!ic o r i q i n a t i n g  t c r r , i n a l  fcr ODXX s i c u l a t i o n s  i n  s r o q r c s s .  
T h e  i n p u t  t c  this yroccdurc i s  a u s e r  forr,at .ccu rt-l;srt with ti;e 
2csiri.d J ; l t ; i  basc istci-iace requests a p p r o g r i a t c l y  Laced. The' 
GUtput  is 5. : : z i : ; t ~ i  rc;-crt :;ith t h e  ir.tc.ri;ice reql.cr;t rcplaced 
w i t h  c u r r e n t  2 a t a  Last: -:alucs at t h e  t ir .e ti:c rcpc- r t  ;.:as d:c::i.ratc 
tile s i ~ : ~ ~ ~ ~ i ~ : i :  :::ay s; i i I LC in ::rc;:rcss. 
. .  rc;:ol:t is. I:rTr.tcc :::::eciatcly a f t e r  i t  i s  qencratec:  alti;o.;c-:h . .  
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RSTART: Restart Procedure .  
RSTART is  a procedure  which a f f e c t s  a r e i n i t i a l i z a t i o n  of  t h e  
ODINEX e x e c u t i v e  sys tem and res tar t  o f  t h e  c u r r e n t  O D I N  s imula-  
. t i o n .  The i n p u t  data set name i s  assumed to  b e - t h e  same as t h e  
data w i t h  which the s i m u l a t i o n  w a s  o r i g i n c d l y  s t a r t e d .  RSTART 
is used i n  t h e  o n l i n e  CRT mode o f  o p e r a t i o n  f o r .  r es ta r t  i f  
n e c e s s a r y  a f t e r  e x e c u t i o n  o f  t h e  EDIT program and ensur i ; rg  d a t a  
. a l t e r a t i o n s .  
RTEXT: Data C e l l  Label R e t r i e v a l  Program. 
The program c o n s t r u c t s  a data ce l l  label from i n f o r m a t i o n  cc.2- 
t a i n e d  i n  t h e  d a t a  cell  f i l e  r e t r i e v e d  by t h e  FETCII o r  GOGET pro-  
gram. The label is c o n s t r u c t e d  and p l a c e d  on an a u x i l i a r ' y  f i l e  
c a l l e d  LABEL. 
SBOOM: Son ic  B o o m  P r e d i c t i o n  f o r  
S h u t t l e  Type Veh ic l e s .  
The SBOOM p r o g r a a  i s  based on t h e  p r e d i c t i o n  t e c h n i q u e  o f  Thomas 
( r e f e r e n c e s ) .  The p r e d i c t i o n  t e c h n i q u e  c a l c u l a t e s  t h e  f a r - f i e l d  
o v e r p r e s s u r e  from t h e  near-f  i e l d  p r e s s u r e  s i g n a t u r e s  mcasured i n  
t h e  wind t u n n e l .  The wind t u n n e l  r e s u l t s  g e n e r a l l y  a r e  s t o r e d  i n  
a d a t a  base and accessed  by t h e  computer ?rogram f o r  i n t c r p o l a -  
t i o n / e x t r a p o l a t i o n  based  on g c o x e t r i c  s i m i l s r i t y  of t h e  p r e s s u r e  
s i g n a t u r e s .  Wind t u m c l  l a t a  i n  t h e  d a t a  b a s e  was g e n e r a t e d  f o r  
s p a c e  s h u t t l e  t y p e  conf ig i i r a t i cms .  Thc approach  used i n  de tc rmin-  
i n g  ground o v e r p r e s s u r e  i s  to  d e s c r i b e  t h c  wave form of t h e  s o n i c  
boom wave by s e v e r a l  wave form pa rame te r s  and t h e n  o b t a i n i n g  equa- 
t i o n s  f o r  t h e  pa rame te r s  as f u n c t i o n  tirnc. T h i s  approach has  t h e  
advantage  o f  b e i n g  s imple  and p r o v i d i n g  a convenienc  ne thod  f o r  
e x t r a p o l a t i n g  e x p e r i m e n t a l  s i g n a t u r e s  because  t h e  s i g n a t u r e s  are 
d e a l t  with d i rec t ly .  The i-nput c o n s i s t s  o f  t h e  v e h i c l e  con- 
d i t i o n s  and t h e  environment  i n  which t h e  v e h i c l e  is o p e r a t i n g  as 
a b a s i c  c o n d i t i o n  o p e r a t i n g  t h e  program. Yany f l i g h t  c o n d i t i o n s  
can be equa ted  through t h e  normal i n p u t  c h a n n e l s  or t h e  program 
w i l l  a c c e p t  f l i g h t  c o n d i t i o n  d a t a  from t r a j e c t o r y  g e n e r a t i o n  pro-  
grams storcd on an auxi1.-ary f i l e .  
SEPARTE: Tht. Progran  t o  Simulate Separa-  
t i n q  S t a g e s  of Launch Vch ic l c s .  
The proGrac is a t:.:elvc-decrec-of-frccdoxn s e p a r a t i c m  proclraa fo r  
s t u d y i n g  space  s h u t t l e  s e p a r a t i o n  p r o b l c z s .  Each s t a c e .  of t h e  
s e p a r a t i n g  v e h i c l e  is r e p r e s e n t e d  by s i s  degrees of frccdox. 
Acrodynanic d a t a  govcrn inc  t h e  n o t i o n  of  the s c g a r a t i n g  -.*c!iicle 
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is s t a g e d  i n t o  t h e  program f r o m - a  storage f i l e  because  of t h e  
l a r g e  bu lk  of data. The program g e n e r a t e s  Gerber p lo ts  of t h e  
s e p a r a t i n g  v e n i c l e  components a t  s p e c i f i e d  t i m e  i n t e r v a l s .  
S e p a r a t i n g  components are r e p r e s e n t e d  by s i m p l i f i e d  g e o m e t r i c  
shapes .  
SKINF: Turbulance  Sk in  F r i c t i o n  Drag Program. 
The program computes t h e  s k i n  f r i c t i o n  d r a g  o f  a v e h i c l e  i n c l u d i n c  
t h e  e f f e c t s  of d i s t r i b u t e d  roughness  and t empera tu re  o f  t h e  s u r -  
farres a t  a r b 5 t r a r y  combina t ions  o f  Mach number and a l t i t u d e .  
e s t a n d a r d  day or t h e  +LO 
ists of f l i g h t  c o n d i t i o n s  
(Ha&-alti tude) , t h e  wetted areas , r e f e r e n c e  l e n g t h  pnd form fac-  
t~rs-  f o r  all of the  components of t h e  a i rc raf t  i n  ts mean rough- 
ness h e i g h t  and emittance of  t h e  s u r f a c e s .  'Wetted Zreas i n  
reference l e n g t h s  may be o b t a i n e d  from t h e  program \:TED. 
SSAM: Swept S t r i p  Aeraelastic Model. 
The program per forms an a e r o e l a s t i c  e v a l u a t i o n  o f  t h e  wing span-  
w i s e  f l i g h t  load a n a l y s i s  i n c l u d i n g  t h e  complete  a i r c r a f t  b a l a n c e  
f o r  a s p e c i f i e d  s e t  of s t e a d y  s t a t e  n,-neuvcrs and /o r  d e s i g n  l i f t  
c o n d i t i o n s .  ifere, p r o p e r  i n c l u s i o n  of the wing-bcdy ar,d t h e  
n a c e l l d  aewdynamic  and weight  e f f e c t s  are i nc luded  i n  order t o  
compute t h e  r e q u i r e d  ba lance  t a i l  l o a d  which is r c f l e c t e d  i n  t h e  
wing load c a l c u l a t i o n .  T h e  f l i g h t  loads, i n c l u d i n ?  the aero- 
dynamic and wing dead  weight  l o a d s ,  a r e  conve r t ed  i n t o  s t r s c t u r a l  
wing box Lending a n d - t o r s i o n  l o a d s  t o  e v a l u a t e  t h e  r e s u l t i n g  
bending  and t o r s i o n a l  stresses. I f  t h e  c a l c u l a t e d  wing stress 
exceeds  t h e  allowable wing stresses, a nex se t  of ..?slues of win7  
s e c t i o n  s t i f f n e s s  v a l u e s  are s e l e c t e d  t o  match t h e  a l l o w a b i c  
stress d i s t r i b u t i o n  s p e c i f i e d  w i t h i n  t h e  p rogran  data .  The wing 
a e r o e l a s t i c  l o a d  s o l u t i o n  i s  ther.  r e p e a t e d  u n t i l  t h e  c a l c u l a t e d  
and allowable wing stresses are matched. The c y c l i n g  p r o c e s s  is 
f a s t  and u s u a l l y  r e q u i r e s  t h r e e  t o  f i v e  c y c l e s  t o  converge depend 
i n g  upon t h e  error margin s e t  w i t h i n  t h e  program. The f i n a l  
c a l c u l a t i o n  i s  the wing box we igh t  based  on t h e  f i n a l  set  of E1 
and G J  v a l u e s  o b t a i n e d .  The a n a l y s i s  i s  l i m i t e d  t o  s u b s o n i c  
f l i g h t  coridi t i o n s  . 
SSSP: Space S h u t t l e  S; ,nthesis  Procram. 
The  program automates t h e  t r a j e c t o r y  w e i g h t s  and !xrfor:nar.cc CUE- 
p u t a t i b n  e s s e n t i a i  to predes ign  of the space s h s t t l c  sj'stcri f o r  
e a r t h - t o - o r b i t  o p e r a t i o n .  T h e  too-star,.c s p a c c  s h u t t l e  S ) ' S ~ C T .  is 
a complc t e ly  r e u s a b l e  spacc t r a n s p o r t a t i o n  systc-r.,  cons is t l r , , :  cf 
booster and an o rb i t e r  e l e c e n t .  The SSSP :r.ajor s c tp roqra r s  circ 
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d e t a i l e d  weights/volume r o u t i n e ,  a p r e c i s i o n  t h r e e  d imens iona l  
t r a j e c t o r y  s i m u l a t i o n  and t h e  i t e r a t i o n  and s y n t h e s i s  l o j i c  neces-  
s a r y  t o  s a t i s f y  t h e  hardware and t r a j e c t o r y  c o n s t r a i n t s .  Three 
v e r s i o n s  o f  SSSP are a v a i i a b l e  r e p r e s e n t i n g  some e a r l y  space  
s h u t t l e  concep t s  i n  t h e  p redes ign  s t a g e  o f  t h e  s h u t t l e  p r o j e c t .  
TOLRND: Take-Off and Landing Program. 
The program w a s  c o n s t r u c t e d  by NASA's Advanced Concepts  and t I '  - 1s- 
s i o n  D i v i s i o n ,  OART. The program p r o v i d e s  s i m p l i f i e d  h i g h  l i f t  
aerodynamics based  on DATCOI-1 methods, a ground r o l l  a n a l y s i s ,  
r o t a t i o n  l o g i c  and c l imbout  t o  c lear  s f i f t y - f o o t  o b s t a c l e .  
Angle-of -a t tack  i n  t h e  ground run  and  ro t a t i c in  maneuvers are 
de te rmined  from t h e  v e h i c l e  geometry which is  i n p u t  t o  t h e  pro-  
gram. 
TOP: Trajectory O p t i m i z a t i o n  Program. 
A s t e e p e s t - a s c e n t  o p t i m i z a t i o n  program h a s  been developed  which 
. i s  c a p a b l e  of o p t i m i z i n g  t h e  f l i g h t  p a t h  o r  a wide clzss of 
v e h i c l e s .  The p rogran  w i l l  op t imize  rockets ,. air-augmented 
rockets, ramjets, scramjets, t u r b o  j e t s  and g l i d c  * ,*chic les .  
Unique f e a t u r c s  a r e  i n c o r p o r a t e d  which allow extension <if 
o p t i m i z a t i o n  p roceuures  i n t o  t h e  a i r b r e a t h i n g  p r o 2 u l s i o n  f i e l d ,  
p a r t i c u l a r l y  t o  s u p e r s o n i c  t r a n s p o r t  t y p e  vchiclcs  . 
The body p i t c h  azqlc i s  used for i n -p l ane  ti-aT]cctor:, slm!llnc=. i n  
p l a c e  of t h e  u s u a l  a:icjle-of--attacl. c o n t r o l  v a r i a b l e .  ih!dj . t i~j :~al  
c o n t r o l  v a r i a b l e s  i n c l u d t  bank a n g l e ,  eng ine  t h r u t t l i n g  and a 
v a r i a b l e  geometry c o n t r o l .  v a r i a b l e  for v e h i c l c s  {Gith v a r i a L l c  
sweep wings,  d r a g  b r a k e s ,  c tc .  Cnroutc  p l a c a r d s  are a v a i l s b l e  
to  allow o p t i m i z z t i o n  w i t h i n  r e a l i s t i c  C o n s t r a i n t s  , such a s  con- 
t r o l  limits, s t r c c t u r a l  l o a d s ,  c n g i n c  o p e r a t i n g  l i L , i t s ,  canr.cld 
v e h i c l e  r e y u i r e x e n t s  and q e o p o l i t i c a l  l i m i t a t i o n s  such as s m i c  
boom. 
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TOPLOT: P l o t  Gene ra to r  f o r  TOP. 
T h i s  program interrogates t h e  o u t p u t  f i l e  from TOP. (BoeinG T r a -  
j e c t o r y  Op t imiza t ion  Program) and g e n e r a t e s  t i m e  h i s t o r y  p l o t s  
of v a r i o u s  performance and c o n s t r a i n t s  f u n c t i o n s  g e n e r a t e d  d u r i n g  
a top run. 
t r a n s f e r r e d  t o  a p h y s i c a l  t a p e  f o r  p l o t t i n g  u s i n g  t n e  PLOTSV pro- 
cedure .  
The o u t p u t  is p laced  on temporary d i s k  an2 can be 
~ TREND: Subsonic/Supersonic,’Hypersonic 
Aerodynamic Trade-off  Program. 
The program p r o v i d e s  r a p i d  aerodynamic l i f t ,  d r a g  and moment 
estimates and t h e  subson ic ,  s u p e r s o n i c  and hype r son ic  l i f t  
regimes.  I t  is p r i m a r i l y  des iqned  to  est imate  h i g h  l i f t i d r a g  
r e - e n t r y  v e h i c l e  aerodynamic c h a r a c t e r i s t i c ,  b u t  tlie class of 
v e h i c l e s  which may b e  ana lyzed  by t h e  program is  o f  9 r e a t e r  range  
t h a n  t h e  pr imary  class o f  v e h i c l e .  Some program m o d i f i c a t i o n  may 
b e  r e q u i r e d  i f  t h e  e x t e n s i o n  is too g r e a t .  The progiax! may be 
used  f o r  g e n e r a t i n g  basic aerodynamic c o e f f i c i e n t s  o r  i t  may be 
used  f o r  t r e n d i n g  from known aerodynamic c h a r a c t e r i s t i z s  based  on 
t h e o r e t i c a l  changes i n  t h e  geometry. I n  t h e  hype r son ic  f l i g h t  
regime,  t.he program c o n t a i n s  an o p t i o n a l  aerodynamic h e a t i n g  com- 
p u t a t i o n  c a p a b i l i t y .  The program does  n o t  p o s s e s s  a t r a n s c o n i c  
aerodynamic c h a r a c t e r i s t i c  e s t i m a t i c n  capability. 
VAMP: Volume , Area and 1-lass P r o p e r t i e s .  
The VAMP computer program calculates t h e  mass p r o p e r t i e s ,  c . g .  
l o c a t i o n ,  e n c l o s e d  volume, we t t ed  area and p l a n f o r n  a r e a  c f  any 
c l o s e d  s t r u c t u r e  t h a t  h a s  a p lane  of symmetry. The v e h i c l e  is 
d e s c r i b e d  t o  t h e  computer program by o r d e r e d  sets of X, Y ,  Z 
c o o r d i n a t e s  of p o i n t s  on i ts  s u r f a c e .  The X I  Y, Z c o o r d i n a t e s  
are conve r t ed  to q u a d r i l a t e r a l  e l emen t s  f a r  a n a l y s i s .  The mass 
p r o p e r t i e s  of each  q u a d r i l a t e r a l  may be computed from a t h i c k n e s s  
and d e n s i t y  i n p u t  for each  q u a u r i l a t e r a l  or from a weight  Fer 
u n i t  area i n p u t  a t  each  p o i n t  o r  from a combinat ion cf b o t h .  
The. computed mass p r o p e r t y  t o t a l s  r a y  contc . in  n o t  o r l y  the con- 
t r i b u t i o n  frcm t h e  d i s t : i b a t e d  nzss on t h e  v e h i c l e  s u r f a c e  w a l l ,  
b u t  a d d i t i o n a l  inasses n.iy be added as “ b l a c k  boxes” by s p e c i f y i n g  
each  one ’ s  c.g.  locatio.1 and mass p r o p e r t i e s .  
Program VMlP car) a l s o  produce p i c c u r e - l i k e  inacjcs of t h c  - . c h i c l e  
or i n d i v i d u a l  sections from the y u a d r i l a t c r a l  cler,ent c i i i t i i .  ‘2:. is 
f a c i l i t a t e s  c?:eckincj thc ir.put a::u - ; isual iz incj  ar.d/cr :-:adi f i c d  
conf i c ju ra t ions .  Or tkographrc ,  perspecti\-e and s t e r o  vicris r:ay 
L e  o b t a i n e d .  
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VARIAN: Data T r a n s f e r  Procedure. 
V A R I X 4  is a p rocedure  f o r  t r a n s f e r r i n g  accumulated p lo t  v e c t o r  
data f o r  t h e  VARIAX p l o t t e r  from t h e  temporary d i s k  f i l e  t o  a 
p h y s i c a i  t a p e .  The p h y s i c a l  t a p e  r e q u e s t  c a r d  must be  p rov ided  
as data by t h e  u s e r .  
VSAC: Ve!iicle S y n t h e s i s  for 
High Speed A i r c r a f t .  
The VSAC program w a s  deve loped  for u s e  i n  p r e l i m i n a r y  s i z i n g  
s t u d i c s  of h i g h  speed  f l i g h t  v e h i c l e s .  S i n g l e - s t a g e  a i r c r a f t  
w i t h  e i t h e r  t a k e o f f  and l a n d i n g  c a p a b i l i t y  o r  a i r b o r n e  s t a r t ,  
and two-stage v e h i c l e s  c o n s i s t i n g  of a n  a i r c r a f t  w i t h  an espend-  
able,  rocke t -p rope l l ed  booster can  be s i z e d .  The s i n g l e - s t a g e  
a i r c r a f t  are c a p a b l e  of e i t h e r  r o c k e t  or  a i r b r e a t h i n g  p r o p u l s i o n  
and f l i g h t  speeds  t o  Mach 6 .  Two-stage c o n f i g u r a t i o r i s  cover 
f l i g h t  regimes t o  Mach 15  , a l though  no s u F e r s o n i c - c o m ~ ~ u s t i o n  
e n g i n e s  w e r e  considered. 
b l i ss ion  r a d e l i n g  is provided  i n  a modular f a s h i o n  t o  allow t h e  
proqram u s e r  maximum f l e s i b i l i t y ,  a id  t o  allow in1provemc:it o r  
s u b s t i t u t i o n  of s u b r o u t i n e s  as new s t u d i e s  nay r e q u i r e .  A n a l y t i c  
performance e q u a t i o n s  an6 n u m e r i c a l  t r a j e c t o r y  i n t e q r a t i o n  are 
p rov ided ,  t o g e t h e r  w i t h  a p p r o p r i a t c  i t e r a t i c n  r c u t i n e s .  
The pr imary  aerodynamics method is a component b u i l d Q g  procedure  
t h a t  r e q u i r e s  t h e  u s e r  t o  i n p u t . o n l y  a gcc::;etrical  d e s c r i p t i o n  of 
t h e  e x t e r n a l  v e h i c l e  c h a r a c t e r i s t i c s  and n e n e r a t e s  c u r v e - f i t  
e x p r e s s i o n s  f o r  t h e  l i f t .  and drag c o e f f i c i e n t s .  
c o n t r o l  a r e  n o t  cons ide red .  
S t a b i l i t y  and 
Wmz's : Weights Analps i s f o r  
Advanced T r a n s p o r t a t i o n  Systems. 
WAiiTS is a weigh t s  a n a l y s i s  p r o g r m  which uses t h e  component 
b u i l d u p  t echn ique  for  :seight e s t i m a t i o n .  Each co rponen t  weight 
is based  on t h e  weight  of t h e  s a ~ e  component of s imi 'ar  v e h i c l e s  
t h a t  have a c t u a l l y  beeit b u i l t  or a t  l e a s t  Jes i9m.d  ir. g r e a t  dc- 
t a i l .  The s i E i i l a r i t y  law t h a t  g i v e s  t h e  L e s t  c o r r c l a t i o n  f o r  
r,:ost s u b s y s t e n s  has  been  shown t o  bc the pcwcr iac; fcrmula:  
b y = a s .  
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g r o s s  we igh t  and e s t i m a t e d  l and ing  weight .  
l oop  c y c l e s  through t h e  e q u a t i o n s  u n t i l  convergence on weigh t  is 
achieved .  
An i n t e r n a l  i t e ra t ion  
WDRAC: Zeru-Lift .Wave Drag Program. 
The program calculates t h e  z e r o - l i f t  wave d r a g  a t  Supersonic  
speeds  for a i r p l a n e s  having  arbi t rar j  combina t ions  of f u s e l a g e ,  
wing, nacelle, h o r i z o n t a l  f i n s  and v e r t i c a l  t a i l .  The i n p u t  
geometry d e s c r i p t i o n  is  i n  t h e  format  of CONPLOT and tJETTED 
programs. The program may also be used t o  c a l c u l a t e  ( f o r  any 
d e s i r e d  Mach number) t h e  f u s e l a g e  area d i s t r i b u t i o n s  t h a t  are 
r e q u i r e d  f o r  a minimum wave drag .  S i m p l i f i e d  f u s e l a g e  con- 
s t r a i n t s  may be i nc luded  for t h e  above c a l c u l a t i o n .  The fusc- 
l a g e  may be cambered and may have a r b i t r a r y  cross-sectional 
shapes .  The wing may be twisted and cambered. The t h e o r e t i c a l  
approach is based on t h e  f a r - f i e l d  l i n e a r  t h e o r y  t h a t  cons ide red  
t h e  r e l a t i o n s h i p  between the f o r c e s  on t h e  a i r p l a n e  and t h e  
momentum t r a n s p o r t e d  through t h e  boundar i e s  of a c o n t r o l  s u r f a c e  
comple te ly .  su r round ing  the a i r p l a n e .  
WETTED: Wetted A r e a  i n  Reference.  Length Program. 
T h i s  program computes t h e  s u r f a c e  wetted a r c a  and r e f e r e n c e  
l e n g t h  f o r  all components of a c o n f i g u r a t i o r  based on corner- 
p o i n t  geonietry i n p u t s  to  t h e  program. The c o n f i g u r a t i o n  may be 
a r b i t r a r i a l l y  d i v i d e d  i n t o  c.>mponents on t h e  f u s e l a g e  and all 
aerodynamic s u r f a c e s .  The wing may be  divided i n t o  rnany strcam- 
w i s e  p a n e l s  i n  order t o  approximate a s t r i p  i n t e g r a t i o n  for s k i n  
f r i c t i o n  c a l c u l a t i o n s .  I n p u t  t o  the program is identical to 
CONPLCT. Output  i s  s u i t a b l e  f o r  use i n  t h e  SKINF program. 
\ 
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APPENDIX D: THE ODIN EXECUTIVE PRaGW-T 
The ODIN e x e c u t i v e  program, c a l l e d  ODINEX, is used f o r  l i n k i n g  
independent  technology computer programs. 
i n t e r d e p e n d e n t  system of automated tools f o r  s y n t h e s i z i n g  
e n g i n e e r i n g  d e s i g n  and a n a l y s i s  p rocesses .  
r e q u i r e s  t h e  p r i o r  a s s i m i l a t i o n  of t h e  fo l lowing  basic components: 
The l i n k a q e  forms an  
The u s e  o€ t h e  s y s t e m  
1. A l i b r a r y  of  independent  tephnology p rograms . .hc lud ing  
t h e  ODINEX program. 
2 .  The c o n t r o l  card sequences f o r  t h e  e x e c u t i o n  &f t h e  
independent  programs. 
The s e t u p  data f o r  the independent  p r o g r a m  which pe r -  
€om the desired a n a l y s i s  f u n c t i c n .  
3.  
The b a s i c  components are o f t e n  a v a i l a b l e  w i t h o u t  a d d i t i o n a l  pro- 
gram developnent .  The program sequencing and intercommunicat ion 
r e q u i r e d  to  i n t e g r a t e  t h e  b a s i c  components i n t o  a d e s i g n  s imula-  
tior. are c o n t r o l l t d  by ODINEX. 
program arc: 
1. 
The b a s i c  c a p a b i l i t i e s  of  t h e  
Language e lements  €or t h e  c o n s t r u c t i o n  and maintenance 
of c o n t r o l  c a r d  sequences and d e s i g n  d a t a .  
2 .  Lanauage e lements  f o r  c o n t r o l l i n g  t h e  e s e c u t i o n  of a 
sequence o f  independent  programs by s imple  commands. 
3.  Language e l emen t s  f o r  a u t o m a t i c a l l y  r e t r i e v i n g  d a t a  
b a s e  in fo rma t ion  as i n p u t  t o  any of  t h e  technology 
programs. 
. 4 .  A s imple  t echn ique  f o r  g e n e r a t i n g  summary r e p o r t s  of  
The coniponents of t h e  O D I N  s y s t e m  a r e  a p p l i e d  t o  a des ign  problem 
as i l l u s t r a t e d  i n  f i g u r e  B-1 .  Opera t ing  on the s i m u l a t i o n  s t r eam 
c o n s t r u c t c d  by the u s e r  f r o m  t h e  i n p u t  d a t a  f o r  the i n d i v i d u a l  
tcchnology progrsms and the e s c c u t i v e  sccuc: ic ing,’co~:municat ion 
i n s t r u c t i o n s ,  the ODINEX progran merges .i p o r t i o n  of t h e  s i n u l a -  
t i o n  strcctlil r e p r e s e n t i n g  one technology. proqram e x e c u t i o n  w i t h  
d a t a  base  informat ic r .  t o  form a c o n t r o l  c a r d  scyucnce  and r . o d i f i c d  
d a t a  b a s e  in fc rma t ion .  
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i n p u t  stream. 
t h e  computer  f o r  l o c a t i n g  and e x e c u t i n g  t h e  r c q u c s t c d  technology 
The technology program reads t h e  modi f ied  i n p u t  da ta ,  
g e n e r a t e s  t h e  normal o u t p u t  and may g e n e r a t e  an  interface da ta  
f i l e  o f  po ten t ia l  da ta  base informat ion .  The n e x t  e x e c u t i o n  o f  
ODINEX merges t h e  i n t e r f a c e  da ta  f i l e  w i t h  t h e  data  base, t h e n  
r e p e a t s  t h e  e n t i r e  c y c l e  f o r  t h e  n e x t  technology program i n  t h e  
s i m u l a t i o a  stream. I n s t r u c t i o n s  can be provided  f c r  looping  back- 
ward or forward i n  t h e  s i m u l a t i o n  stream. 
The cont ro ,  card sequence p r o v i d e s  i n s  - r u c t i o n s  t o  
' program. 
Complete i n s t r u c t i o n s  for use of the ODINEX l anguage  e l emen t s  i n  
c o n j u n c t i o n  w i t h  t h e  basic ODIN components are presented h e r e i n .  
I n  add i t ion ,  an  i n t e r f a c e  t e c h n i q u e  is described f o r  a1lov:iny 
any program i n  t h e  s y n t h e s i s  to update  t h c  data basa. The t c c h n i -  
que docs n o t  i n f l u e n c e  &e stand-alone o p e r a t i o n  o f  t h e  projkari .  
More de t a i l s  on s y n t a c t i c a l  c o n s t r u c t i o n  o f  t h e  language c l cmen t s  
may be o b t a i n e d  from reference 8. 
ure and' Usage 
The l a n q  st s i m u l a t i o n  stream c o n s i s t s  of 
c o n t r o l  nd tion cor;unands which a r e  s u m a i - i -  
zed i n  f i g u r e  13-2. Each language element  is de l imi t ed  by a ?air  
o f  apos t rophes  ( ' )  t o  d i s t i n g u i s h  O D I N E S  i n p u t  from t h e  i n p u t  
da ta  and-&- wds i n  t h e  simu1a:ion strear.:-. -For 
example, i n  t h e  language elcme::t, 
'IJrUlE.. . . . . . ' 
NANE is t h e  namc.of the com.and o r  d i r e c t i v e  (1.e. CREATE or  A D D ) .  
The remaining in fo rma t ion  w i t h i n  the. de l imi ted  r e g i o n  i s  a n c i l l a r y  
t o  t h e  s p e c i f i c  coxmand. The e x e c u t i x v  program s c a n s  t h e  s i n u l a -  
t i o n  stream for d e l i n i t c d  i c f o r n a t i o n  and per forms t h e  f u n c t i o n  
s p e c i f i e d  t h e r e i n .  
The d i s t i n c t i o n  between t h e  languaqe t y p e s  l i es  i n  t h e  f u n c t i o n s  
which each performs.  
the r?xecut ion sequence of the l i b r a r y  programs. Directives are 
i n c l u d e d  which e s e c u t e  contro:  c a r d  sequences ,  2efir.e brafich 
p o i n t s  i n  the s i m u l a t i o n  stred:: a n d  F r o v i d e  branz!.iir.g i n s t r u c t i o n s .  
Data base p r i n t i n ?  is also a c  :cziplished t!:rouqh c o n t r o l  J i y c c t i v e s .  
Tfic c o n t r o l  dirccti i-cs CIXATL ,. U r D A r E  LXECL'X s p c c i  f y  t h e  !:re- 
p roccss inq  of  a user ciata f i l e  which f e l l o w s  t:ic d i r c c t i v t .  i n  
thesc cases a user cnd-o f - i i l e  (*!:OF s t a r t i n y  i n  c o l u c n  1) i s  
r q u i r c d  t o  f l a g  t h e  end of d a t a .  r i l l  co::z:::czicz.';ii:n C . ? : : . : . L : : ~ S  
c a s t  bc placcd w i t h i r .  one ;JI :e user  Cat? f i l e s  2e:;crilc;i ,r:to-.-t. 
C o n t r o l  c l i r e c t i u e s  a r e  used f o r  c o n t r o l l i n g  
*. 'CREATE name' 
F i l e  hand l ing  d i r e c t i v e  f o r  i n i t i a l i z i n g  named data bases. 
CCDATA is a special name used  for the  c o n t r o l  card 
data base. 
' DESIGN name ' 
C o n t r o l  d i r e c t i v e  d e f i n i n g  a p o i n t  i n  t h e  e x e c u t i o n  sequence 
t o  which c o n t r o l  may be t r a n s f e r r e d .  
8 END' -
C o n t r o l  d i r e c t i v e  which f l a g s  t h e  end  of a s i m u l a t i o n .  
* 'EXECUTE name' 
A d i r e c t i v e  for  e x e c u t i n g  a prestored sequence of c o n t r o l  
cards by name. 
'IF name.O?. name' . 
Cond i t ion  for branching .  
by t h e  named data may be s p e c i f i e d  on cards after a LOOP TO 
directive. I f  more t h a n  one c o n d i t i o n  i s  s p e c i f i e d ,  any one 
o f  t h e  c o n d i t i o n s  s a t i s f i e d  w i l l  t r i gge r  t h e  branch  i n s t r u c -  
t i o n .  OP is a c o n d i t i o n a l  operator (LT,LE,EQ,GE,GT). 
Any number of c o n d i t i o n s  d e f i n e d  
'LOOP TO namt.!' 
Branching i n s t r u c t i o n  r e f e r r i n g  to  a d e s i g n  name. 
be c o n d i t i o n a l  o r  uncond i t iona l .  
I t  can  
'PRINT name' 
D i r e c t i v e  f o r  p r i n t i n g  data bases. 
' EESTART ' 
Causes t h e  use  of an  e x i s t i n g  data  base .  T h e  da ta  b a s e  n u s t  
have p r e v i o u s l y  been d e f i n e d  and s t o r e d .  
* 'UPDATE name' 
. F i l e  hdndl ing  d i r e c t i v e  f o r  upda t ing  named da ta  bases. 
* Data followed by u s e r  end-cf-file !*EOF) is r e q u i r e d .  
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' A  I 
Used t o  r e p l a c e  d a t a  b a s e  names and delimiters on an i n p u t  
c a r d  w i t h  data base in fo rma t ion .  
A may be a scaler or v e c t o r  d a t a  base e n t r y  of  real ,  i n t e g e r ,  
h o l l e r i t h  or l o g i c a l  t ype .  . 
A may be an  iirit1iiaeti.c conb ina t ion  of real or i n t e g e r  d a t a  base 
var iab les ,  a r r a y  e l emen t s ,  a r r a y s  or c o n s t a n t s .  
'ADD A = B, ...' 
Used t o  create 3 new data base s n t r y  o r  a l t e r  e x i s t i n g  d a t a  
base e n t r i e s .  
A is a new or e x i s t i n g  e n t r y ,  s c a l a r  or e l cmen t  of an a r r a y .  
B is the upda te  i n f o r m a t i o n  which can be real ,  i n t e g e r ,  
hollerj t h  or l o g i c a l  c o n s t a n t s  , v a r i a b l e s  or a r i t h i x c t i d  - 
combina t ions  t h e r e o f .  
I .  comment' 
Used f o r  p l a c i n g  d e s c r i p t i v e  in fo rma t ion  i n  the d a t a  s t ream.  
b l a n k s  i n  t h c  a p p l i c a t i o n s  program d a t a  dcck i 
- ODINEX r e p l a c e s  t h e  comment and associate delimiters w i t h  
'DEFINE A = n ,  d e s c r i p t i o n , '  
Used to  d e f i n e  new o r  e x i s t i n g  c:itrics ar.2 reserve space in 
t h e  da t a  basc. Xo d a t a  i s  e n t e r e d .  
A is t h e  new or  e x i s t i n g  d a t a  basc efitry. 
n is t h e  dcsircd number of data  b a s e  l o c a t i o n s .  I t  i s  
icpored i f  t h c  e n t r y  e x i s t s ,  the d e f a u l t  i s  1 i f  orni t tcd.  
d e s c r i p t i o n  i s  t h e  h o l l c r i c h  i n f o r m a t i o n  a s s o c i a t e d  w i t h  
t h e  v a r i a b l c  A. 
' I N S E R T  F = n/m' 
Used for i n s e r t i n g  s u b s e t s  of BCD f i l e s  w i t h i n  t h e  modi f ied  
i n p u t  stream a t  t h e  l o c a t i o n  of t h e  cormand. 
F i s  t h e  syste1:i f i l e  name. 
n i s  t h e  s t a r t i n q  r e c o r d .  
I:) i s  the c::dinc_: record (:u = EOF i d e n t i f i e s  the e n d - o f - f i l e )  
I 1 ! 
A l l  con t ro l  d i r e c t i v e s  must  be  p l a c e d  outs ide  t h e  u s e r  f i l e  
boundar i e s .  The t o t a l  s i m u l a t i o n  i s  t e r m i n a t e d  w i t h  t h e  END 
d i r e c t i v e .  A t y p i c a l  s i m u l a t i o n  involv ing  t w o  Frograms is 
i 1 l u s t r a  ted be low : 
'CREATE DBASE' 
(DATA) 
"EOF 
' EXECUTE PG1.A' 
*EOF 
' EXECUTE PGf4I.3 ' 
(DATA) 
* EOF 
(DATA) 
'END' 
I n  t h e  above s i m u l a t i o n  stream t h e  e x e c u t i v e  program w i l l  per- 
form t h e  i n d i c a t e d  o p e r a t i o n s  i n  t h r e e  s t e p s :  
1. Create DBASE and e n t e r  t h e  in fo r ina t ion  i n d i c a t e d  by 
2 .  C o n s t r u c t  a c o n t r o l  c a r d  sequence  f o r  t h e  e x e c u t i o n  of 
(DATA) . 
PGblA, p r e p r o c e s s  t h e  i n f o r m a t i o n  i n d i c a t e d  by (DATA) and 
c o n s t r u c t  a mod i f i ed  i n p u t  stream from it. Prov ide  t h e  
l i n k a g e  t o  t h e  c o n t r o l  card sequence .  
3.  Perform t h e  o p e r a t i o n s  of s t e p  2 f o r  PGFli3. 
The s i m u l a t i o n  stream may b e  augmented by c o n d i t i o n a l  b ranch ing  
u s i n g  t h e  c o n t r o l  d i r e c t i v e s :  
'DESIGN POINT1 '  
'LOOP TO POIXT1 '  
'IF Vl .LT.V2 '  
The  d e s i g n  d i r e c t i v e  e s t a b l i s h e s  a p o i n t  i n  the s i n u l a t i o n  strca?. 
whcrc! control may be t r a n s f e r r e d .  The LOOP TO d i r c c t i v e  d i r c c t s  
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t h e  a c t u a l  t r a n s f e r  and t h e  I F  diredtive p r o v i d e s  c o n d i t i o n s  
under  which t h c  t r a n s f e r  w i l l  be performed. 
The-communicat ion commands p rov ide  t h e  means by which da ta  b a s e  
s t o r a g e  and r z t r i c v a l  f u n c t i o n s  can be  performed. They cormsnd 
tile t r a n s f e r  o f  i n fo rma t ion  from t h e  a n a l y s t  t o  t h e  d a t a  b a s e ,  ' 
f r o m  t h e  data base to  t h e  technology programs and from t h e  
t echno logy  programs t o  t h e  data  base.  I n  t h e  t r a n s f e r  of i n f o r -  
mat ion  from t h e  a n a l y s t  t o  t h e  d a t a  b a s e ,  t h e  ADD, DEFINE and 
INSERT c o m a n d s  are used. A comment command is a l so  a v a i l a b l e  
€or a n n o t a t i n g  data.  I n  t h e  t r a n s f e r  of i n f o r m a t i o n  froin t h e  
data b a s e  t o  t h e  a p p l i c a t i o n s  program, t h e  rep lacement  co~nn~and 
is used.  D a t a  from t h e  data b a s e  i s  t r a n s f e r r e d  by name t o  t h e  
input.  stream o f  t h e  technology programs. I n  t h e  t r a n s f e r  of 
i n f o r m a t i o n  from t h e  technolcgy programs t o  t h e  da ta  Lasc, a 
s p e c i a l  e x t e n s i o n  of t h e  ADD command is employed. An i n t e r f a c e  
f i l e  of ADD-like commands can be g e n e r a t e d  by any technology 
program for l a t e r  p r o c e s s i n g  by t h e  ODIN e x e c u t i v e  progrsm. 
C o n s t r u c t i o n  and Maintenance of Data Bases 
D a t a  b a s e  c o n s t r u c t i o n  and main t e n m c e  a r e  accomplishcd by the 
u s e  o f  t h e  t h r e e  c o n t r o l  d i r e c t i v e s  , CREATE , UPDATE and KLSYX?'?. 
The CREATE d i r e c t i v e  creates a new. da ta  base which is s ~ o c e r i  o n  
a temporary d i s k  f i l e  by t h e  sane  namc. By permanent ly  s t l o r i n ?  
t h e  data on t h e  d i s k  f i l e ,  the cser may acc%s t h c  in fo rma t ion  
a t  a l a te r  t i m e .  T h e  u s e  of t h e  UP'3ATI.; d i r e c t i v e  i n  c o n j u n c t i c n  
w i t h  p r e v i o u s l y  c r e a t e d  da t a  bascs, allows t h e  u s e r  to. modify 
the d a t a  c o n t a i n e d  t h e r e i n .  Ti>e RESTART d i r e c t i v e  s p e c i f i e s  the 
use of an e x i s t i n g  d a t a  b a s e  as is. 
The b a s i c  c o n s t u c t i o n  o f  data  b a s e s  is  s imi l a r  b u t  v a r i e s  i n  
t o t a l  s i z e  and s p e c i f i c  c h a r a c t e r i s t i c s  which can be specified 
by t h e  u s e r  a t  c r e a t i o n  t i m e .  
p a r t s ,  a f r e e  s t o r a g e  a r r a y  o f  2acked i n fo rma t ion  where t h e  
a c t u a l  da t a  is s t o r e d  and a d i r e c t o r y  of  names and p o i n t c r s  t o  
t h e  d a t a  i n  t h e  f r e e  s t o r a g e  a r r a y .  
Lase have c e r t a i n  a t t r i b u t e s  which are a s s i g n e d  by t h e  CREATL 
d i r e c t i v e .  
r a t a  bases c o n s i s t  of  t w o  d i s t i n c t  
The d i r e c t o r y  and t h e  date 
'CREATE n a m ,  a t t r i pu tc  = v a l u c ,  a t t - r i b u t c  = v a l u c '  
(DATA) 
* EOF 
2.11~ o r  all 0: t h e  a t t r i b u t c s  n:ay be spcc i f i ed  by t h c  u s e r  a s  
fo l lcxy .  I f  n o t  s p e c i f i e d ,  thc dcfaL;lt t.alucs \:ill Lc u s e d .  
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A t t r i b u t e s  D e f a u l t  Description 
LTOTAL 1024 T o t a l  number o f  computer words allocated t o  
t h e  s p e c i q i e d  da t a  base. 
W O R D  2 Number of' conputer  words Fer data base e n t r y .  
DIRLEN 51 Total number of d i r e c t o r y  e n t r i e s  al located 
LENDES 5 Number o f  words of d c s c r i p t i v e  i n f o r m a t i o n  
t o  t h e  data  base. 
associated w i t h  e a c h  c n t r y  in t h e  da t a  base. 
Each e n t r y  i n  t h e  d i r e c t o r y  is t h e  name o f  a data c1cr:lent or t h e  
name of an array of da ta  e l c m e n t s .  
made. Each e n t r y  nay have a s h o r t  description (L iXbES-2;  jtorcd 
w i t h  it. Each data e lement  occupies  W O R D  computer words. In 
e s t a b l i s h i n g  t h e  s i z e  of t h e  data base (LTOTU),  the .;set- m s t  
c o n s i d e r  t h e  t o t a l  nurrbcr of c l c n e n t s  of data dctsirec! ir. t h c  data 
base:  t h e  d i r e c t o r y  l e n g t h ,  the desired l e n q t h  of dcscriptjo:i  anc 
- the  nunbcr of words p e t  data elcstent. I f  ::XLXT i s  the t o l d i  nw.-  
V p  t o  DIRLL::S c n t r i c s  ~.;ay hc 
* UPDATE name * 
( DrSi' A )  
* EOF 
A t t r i L u t c  parameters w h i c h  are e s t a b l i s h e d  once by t h e  CREATE 
d i r e c t i v e  clay not be specified by thc L'PDATE ciircctl\"u. 
use of t h e  e x i s t i n y  Gata lase w i t h o u t  m o d i f i c a t i o n  is des ired ,  
t h e  d i r e c t i v e :  
If t h e  
1 .  I 
I / 
,/' 
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If t h e  name 'is a new e n t r y ,  any n u n b e r  o f  v a l u e s  nay be added. 
The number of v a l u e s  associated w i t h  t h e  name when it is  f irst  
added is also t h e  number of  l o c a t i o n s  r e s e r v e d  i n  t h e  d a t a  base 
f o r  t h a t  in format ion .  L a t e r  m o d i f i c a t i o n s  to  t h e  in fo rma t ion  
c a n  n o t  create more data base space.  The v a l u e s  may be r ea l ,  
i n t e g e r ,  h o l l e r i t h  o r  l o g i c a l .  
fox c r e a t i n g  or  upclatinc many in fo rma t ion  sets. 
A s i n g l e  ADD corrmand may be used  
'ADD V I  = 25.8 V2 = 308 V3 = ALPHA, V4 = .TRUE., 
A = 15.. 2 0 . ,  25., I = 4 ,  5 ,  6 
V4 = 5 * O . , '  
The data t y p e  is d e f i n e d  by t h e  i n p u t  data type .  
t h e  data t y p e  is de termined  by t h e  characteristics of t h e  stored 
data. The format  of t h e  ADD s t a t e m e n t  is p a t t e r n e d  after the 
FORTRAN NAMELIST f e a t u r e  and indeed has many of t h e  same c f i a rac t e r -  
istics and usage r u l e s .  For  example, all name/value sets are 
s e p a r a t e d  by commas ( , I :  a l l  e l emen ta l  v a l u e s  of an  a r r a y  are 
s e p a r a t e d  by commas; t h e  e n t i r e  s t a t e r t e n t  (comnand) i s  d e l i m i t e d .  
I n  t h e  case o f  NAMELIST, t h e  d e l i m i t e r  is a d o l l a r  ( $ 1  s i q n ;  i n  
t h e  c a s e  o f  ADD c o m a n d s ,  t h e  d e l i m i t e r  is ( I ) .  The r u l e s  f o r  
e n t e r i n g  h o l l e r i t h  i n f o r n a t i o n  and m u l t i p l e  c o n s t a n t s  d i f f e r  from 
NANELIST. For  detai ls ,  see r e f e r e n c e  8 .  
The ADD comand  h a s  a d d i t i o n a l  cauabilit;.  c o t  presen t  i n  :;AXELIST. 
T h e  v a l u e  associated w i t h  : \e  ADD nane may '>e a p r e v i o u s l y  defined 
data  b a s e  v p r i n b l e  name: 
Upon r e t r i e v a l ,  
ADD Vl = V2, 
The e f f e c t  of t h e  above cormand is  t o  t r a n s f e r  t h e  in fo rma t ion  
associated w i t h  V2 t o  the  da ta  Lase space  a s s i g n e d  t o  V 1 .  V1 
may or may n o t  e x i s t  p r i o r  t o  the ADD command. I f  V 1  d i d  n o t  
e x i s t ,  space  w i l l  be created i n  the d a t a  base as t h e  in fo rma t ion  
is t r a n s f e r r e d .  I f  V l  d id  e x i s t ,  t h e n  t h e  i n f o r m a t i o n  i n  V1 w i l l  
be  r e p l a c e d  by the i n fo rma t ion  i n  V2. 
from o n e  d a t a  b a s e  locatio:; t o  ano tkc r  i s  yenerall ; .  l i n i t e d  to 
scalar q c a n t i t i e s .  
c s i s . t i nc j  data base i n f o r x a c i o n  with o t h e r  data i n f o r c a t i o n  o r  
c c ~ s  t a n t s  : 
The t r a n s f e r  of in fo rma t ion  
The A D 3  consand may also be used for corrbininq 
I 
. ,  
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t r a n s - d r r i n q  t h  r e s u l t i n g  in fo rma t ion  t o  t h e  space  allocated t o  
V1. Any a l g e b r a i c  o p e r a t o r  may be employed as fo l lows:  
. + a d d i t i o n  
- s u b t r a c t i o n  
* m u l t i p l i c a t i o n  
/ d iv i s ion  
** e x p o n e n t i a t i o n  
More than  one o p e r a t i o n  may be performed on  t h e  r i g h t  side of  
t h e  e q u a l  (=) s i g n .  . 
'ADD V1 = V2 + V3 * K,' 
Up t o  t e n  o p e r a t i o n s  may be performed w i t h i n  a s i n g l e  ADD comand .  
The o p e r a t i o n s  s t a r t  from t h e  equal s i g n  and progress t o  t h e  
r i g h t .  
s u l t  o f  +-hat o p e r a t i o n  is coxrbined w i t h  t h e  t 'nird. 
o f  t h a t  o p s r a t i o n  is combined w i t h  t h e  f o u r t h ,  etc. I t  shou ld  be 
n o t e d  t h a t  t h e  h i e r a r c h y  or o r d e r  of t h e  o p e r a t i o n s  does  n o t  con- 
form = FORTRAN a r i t h m e t i c .  
t i o n ,  V 3  is added to  V2, then t h e  sum is  m u l t i p l i e d  by K. 
The f i r s t  variable i s  combined w i t h  t h e  second. The re- 
The r e s u l t  
For example,  i n  t h e  above i l l u s t r a -  
I f  t h e  d a t a  base w e r e  so de f ined ,  the d i r e c t o r y  may c o n t a i n  space  
f o r  s t o r i n g  d c s c r i p t i v e  informat ion .  
CREATE parameters ,  LENDES space  is r e s e r v e d  f o r  each  name entered 
Depending on t h e  v a l u e  of  
e q u i v a l e n t  to: 
LENDES -2  
The d e f a u l t  v a l u e  of 5 prov ides  t h r e e  computer words (30 c h a r s c t c r s )  
f o r  d e s c r i p t i v e  in fo rma t ion .  
store t h e  d e s c r i p t i v e  in fo rma t ion  i n  t h e  d i r e c t o r y :  
The DEFINE command i s  used t o  
'DEFINE name, d e s c r i p t i o n , '  . 
DEFINE name = v a l u e ,  d e s c r i p t i o n , '  
Name is a new or e x i s t i n g  d a t a  b a s e  e n t r y .  I f  t h e  name e x i s t s ,  
t h e  d e s c r i p t i o n  i s  added. I f  n o t ,  t h e  name and d e s c r i p t i o n  are 
added. 
t o  r e s e r v e  space  i n  t h e  d a t a  base f o r  d a t a  e l e m e n t s  t o  b e  added 
la ter .  
r e s e r v a t i o n  of space  f o r  a s i n g l e  da ta  e lement .  
I f  t h e  name i s  a new e n t r y , -  t h e n  t h e  v a l u e  n?ay be used  
T h e  abSences of va lue  o n  a new e n t r y  r e s u l t s  i n  t h e  
I 
. .  
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C o n t r o l  Card Data Base. - The c o n t r o l  card data  base, CCDATA, 
is a s p e c i a l  d a t a  b a s e  used  for t h c  s t o r a g e  of c o n t r o l  c a r d  
sequences  r e p r e s e n t i n g  computer i n s t r u c t i o n s  f o r  r e t r i e v i n g  and 
e x e c u t i n g  technology programs. 
p l i s h e d  as fo l lows :  
The creation o f  CCDATA i s  accom- 
'CREATE CCDATA, NW0.W = '8 ,  LENDES = 4 ' 
(CONTROL CARD RATA) 
*EOF 
The v a l u e  o f  SWORD is  u s u a l l y  8 (80 c h a r a c t e r s )  r e p r c s e n t i n g  t h e  
w i d t h  o f  a t a b  card. 
control card r e p r e s e n t a t i v e s  all fall w i t h i n  t h e  wid th  s p c c i f  ica- 
t i o n .  
d e s c r i p t i o n s  are u s u a l l y  n o t  necessa ry  o r  carl be s F e c i f i c d  on t h e  
control  c a r d s  themselves .  
t h e  same I lawsis ~~ ~ as d e s c r i b e d  for t h e  d e s i g n  data bases. 
The wid th  can  b e  reduced  i f  t h e  s t o r e d  
The pa rame te r  LLXDES is  u s u a l l y  4 ( t h e  iiiinimux v a l u e )  since 
LTOTAL and CIPLEX may be s e l e c t e d  c.? 
The method used  t o  e n t e r  c o n t r o l  c a r d  sequences i n t o  CCDATA 
d e v i a t e s  f r o n  t h a t  employed f o r  e n t e r i n g  d a t a  i n t o  t h c  d e s i q n  
d a t a  base. 
' is s p e c i f i e d  on t h e  f i r s t  card .  
a s s o c i a t e d  w i t h  t h e  name con t inues  u n t i l  a z o t h e r  nazc  is e t -  
c o u n t e r e d  : 
Each ccntrol c a r d  sequence i s  a s s i g n e d  a name which 
The ccztrol card ser;uencc. 
'narr.el = 
(COXTROL CARD SECLTZXCE) 
name 2 = 
(CO:;TRO!. Ci1Ri3 SC',.!LESCC) 
I 
The CCDATA e n t r i e s  a r e  d e l i m i t e d  by a p o s t r o p h e s  ( I )  i r z c d i a t c l y  
b e f o r e  t h e  f i r s t  name (no  c-dedded b l a n k s )  and on a s e p a r a t c  card  
fo l lowing  t h e  l a s t  control ca rd  enterec-. ii c o r i t r c l  car6 S C ~ C ~ Z C Q  
may c o n t a i n  any c o r r e c t l y  f o r c a t t e d  i n f o r r a t i o n  b u t  n u s t  inc luCc 
t h e  fo l lowing  con t ro l  c a r d  in fo rma t ion :  
I 
i 
i 
. .  . 1 
PGMA = 
. FETCII,R0000 I , D I N A R A ,  ,OVL. 
(OTHER PRE-EXECUTION CONTROL CARDS) 
OVL,MODINIOUT,N.21LIST. 
(POST-EXECUTION COXTROL CARDS) 
CCLINK , ODINEX. 
The card beginnin9  w i t h  FETCII r.etrievcs t h e  program ca l l ed  OVL 
from permanent s t o r a g e  (data ce l l ) .  
s p e c i f i e s  t h e  e x e c u t i o n  of OVL. Other  f i l e  n a r i s  on t h a t  card 
arc : 
The card beginning  w i t h  OVL 
MODIN - Modified I n p u t  Stream - 
OUT - Nornal O u t p d t  from OVL 
NMLIST - I n t e r f a c e  F i l e  
card beginning  w i t h  CCLlNK s p e c i f i e s  a system level l i n k a g c  
t o  t h e  n e x t  ODINEX execu t ion .  
Th 
The s t o r a g e  of CCDATA fol- f u t u r e  usc r e q u i r c s  the storage of t:ie 
systcn file o f  tfic sitnit?. J . ~ ~ ~ e .  
r e t r i e v e  t h e  CCDATA f i l c  a t  the hcqinni  q of ebsh  accu:r~Ilat ior l .  
CCDATA may be updatcd a t  t h ' i t  ti;l.e. 
d a t a  bise is similar in f o r n a t  t3 the ~ r i y i r . 2 1  c rea t ion :  
T!IC ODI:: system is des lyr .e l3  to 
L'; d d t i n g  the contrci card 
L'DD?>TE CCDATA' 
(CCCITROL CARD DATA) 
EOF 
As w i t h  t h c  .',csi.;n d3ta base, data Lasc para.r:.eters ma,' not be re- 
s p e c i f i e d  on the L'PDATE d i r c c t i v c .  L'pdates to  the cont ro l .  c a r d  
sequences arc made on afi' one- for-one replhccmcnt  c a r d s  s t a r t i n g  
w i t h  t h e  f i r s t  card s p c i f i c d  and continuir:c: f . x  as many c a r d s  
as are s p e c i f i e d .  
7G 
. .  
C o n s t r u c t i o n  of S imula t ion  Streams 
There  are tBrc2 major c o n s i d e r a t i o n s  i n  t h e  c o n s t r u c t i o n  of de- 
s i g n  s i m u l a t i o n  s t r e m a :  
I. Establ ish a J c s i q n  data basc and c o n t r o l  card data base 
for use i n  the s imula t ion .  
C c n s t r u c t  the desired des ign  sequence.  
Provide da ta  basc intcrfaccs w i t h i n  the i n p u t  data sets 
for t h e  technology program. 
2. 
3 .  
D a t a  bases arc established a t  the  beginning  of t!!c s i c u l a t i u n  cn 
an one-tir;w basis u s i n g  the techniques  J i s c u s s c d  Sovr?. The de- 
s i j n  6ata basc is d e f i n e d  f i r s t  by usc of a CFaATL, WL'AiTE o r  
RESTART directive. 
r e q u i r e d .  The c o n t r o l  ccird d a t a  base s h o u l d  contain a11 of tho 
c e n t r o l  card sequences naccssary to the c x c c u t i o n  of the s i n i u l w  
t i o n .  
sequence  i l l u s t r a t c s  t he  c o n s t r u c t i o n  of a new ti.csiL>.n data L C i s e  
and upda t ing  of thc c s i s t i n q  ccntrol card data basc: 
CCDATA may then bc Created cr upiatcd as 
I4my con6i:a"rtions ca:~ bc conce ived  b u t  the i t . i l c w i r . y  
' !  
.. 
. 'EXECUTE ra.m 
(DATA) 
*EOF 
'ESLCUTE PGNC ' 
(DATA) 
*EOF 
T h e  f u n c t i o n  of ODINES 5s simply to  r e t r i e v e  tllc c o n t r o l  cards 
sequeiiccs for PWA, E'CNB and PCXC from the control card data base 
and queue the111 for o s c c u t i o n  by t h e  coxpu tc r  operating systcm. 
The o p e r a t i n 9  sys tcm performs the v a r i o u s  control card f u n c t i o n s  
Contained i n  the scqucnces.  
associated w i t h  each program and c o n s t r u c t s  a c o d i f i e d  i n p u t  
stream. 
The p h y s i c a l  l i n k a g e  between the c o n t r o l  c s r u  sequences of t h c  
various applications programs and ODIXLX is P CDC 6 6 0 0  o p e r a t i n ?  
systcm u t i l i t y  prqr i in i ,  CCLINK. C c L ~ h ' f ;  is  esccutea at the end 
of each cmrtm1 card sequence i n  CCDATA t o  lick t h e  technology 
proyrclm sequences jus t  cxecutcd  t o  the O D I S L X  yrcgran scqr;cxes. 
The  l i n k a g e  is s u s t a i n e d  by ODXXES u n t i l  an  CS'3 l i i r ec t iv ' c  is 
encountcrcd .  Details of the c p e r a t i o n  of the csazple u t i l i t y  
CCLXXK arc c a i t a i n c d  i n  rcfcrcacc  8 .  Si cii iar u t i l i t y  pro.jr:i.-.:s 
are usually a v a i l a b l e  for other compu~ei s y s t c r s .  
Conti: t i c n a l  Iir.inchin~7. - The ODINES procrain ca:i d i r e c t  t!;c tr.tilS- 
fer o: c o n t r o l  fcnsard or backward i n  the s i n u l a r i o n  strecin Ly 
tile 'JSC c f  c e n d i t i o n a l  branciiinc; i n s t r u c t i o n s .  T h i s  c a p s 1  lity 
is achicvcd by the fo l lowing  c o n t r o l  card dirccti\-e l a n g u a ~ c  
e le nen ts : 
ODINEX also p rc -p roocsses  the uata 
The pre-proccssing f u n c t i o n  w i l l  be d i s c u s s c d  Inter. 
' DESIGW narc ' 
'LOOP TO name' 
'IF Vl.LT.V2' 
78 
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The Ip tests employed encornpass t h e  standard set of s i x  tests i n  
FOr\TRi\h; a l though  t h e  form of t h e  ODINES c o n t r o l  u i r c c t i v e  
language  test d i f f e r s  i n  form t o  t h a t  o f  FORTFbW. Thc six tests 
are : 
'IF V1.LT.VZ' 
'XI' V1.GT0V2' 
'IF V1.LEoV2' 
'IF V1.GE.VZ' 
'IF Vl.EQ.V2' 
'IF Vl0NE.V2' 
_ _  I 
As noted previously V i  and V2 are c o n s t a n t s  or varial1c.s con- 
structed i n  t h e  design data base th rough use of t h e  ADD comr?a::d 
or g e n e r a t e d  by any technology program i n  t h e  s y n t h e s i s  ana  
p a s s e d  to  t h e  d e s i g n  data base ( t h e  method t o  bc ciiscusscc! later) . .  
The a b i l i t y  to select a l t e r n a t i v e  program execution p a t h s  bascid 
on design dependent  l o g i c  as i l l u s t r a t e d  below: 
.............. 
' EXECUTE PGB'A' 
'DESIGN P )ISTA' . 
' EXECUTE "GI.%' 
'LOOP TO PO:NTB' 
'XF Vl.LQ.VZ' 
'IF V3.LT.VJ' . 
' E)iECtiTC PGXC ' 
'LOOP TO POINTA' 
' DESIGS POIXTB' 
' EXECUTE PGID' .............. 
The above c o n t r o l  d i r e c t i v e  sequencc d e f i n e s  the c s e c u t i c n  of 
PGYii and I ' G W  w i t h  a c c n d i t i o n a l  loor ( i n  thls case, ski:.) to 
POINT3.  
eseouteri fol1ct;t.d by a nandatory loop back' t o  f ~ Z S 3 i i .  
I f  n c i t h c r  of -the 112 c o n d i t l o n s  is s a t i s f i e d ,  i'C;:-!C is 
73  . 
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R c t r i c v a l  of Design In fo rma t ion  
The r e t r i e v a l  of d c s i q n  in fo rma t ion  from the d a t a  basc is accom- 
p l i s h e d  by two b a s i c  conununication comrnands : 
1. I'icplaccnient Conunand. 
. 2 .  INSLRT Command. 
Tl;c comiun ica t ion  contmands arc s t r a t c g i c a l l y  placed i n t o  t h e  
technuLogp preyra.!. i-ntput data. sets.  The auyncntcd data sets form 
skclctotiizcd o logy  program, xach data s e t  is 
!icciJi?d by t i l  r e c t i v c s  corrr?spondirig -to t h e  
a p p r o p r i a t e  technology programs. C o l l c c t i v c l y  t h e y  fortn t h e  dc- 
s i g n  s i m u l a t i o n  s t r e a m  d c s c r i b c d  above. 
L 
. .  . 
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The dcliniitcrs are p l a c e d  a t  t h e  a p p r o p r i a t e  c a r d  c o l u m s  d e f i n i n g  
t h e  f i e l d  for t h e  data clement. The d a t a  base name is  p l a c c d  wi th -  
i n  t h e  d e f i n e d  f i e l d  a d j a c e n t  t o  t h e  f i r s t  de l imi te r . .  
A d d i t i o n a l  c a p a b i l i t y  is a v a i l a b l e  when n a n e l i s t  i n p u t  is used  
by the technology prcgram. E n t i r e  a r r a y s  may bc t r a n s f c r r c ~  t o .  
t h e  i n p u t  stream us ing  the fo l lowing  procedure  : 
. NAME = 'VARRAY' 
where VARWY is  a data  base a r r a y  name. If t h e  data i n  VARRi\Y 
c o n t a i n s  more data t h a n  can  f i t  on one card rccord; a d d i t i o n a l  
'cards' are crcattd and p l aced  i n  t h e  modi f ied  i n p u t  strcam t o  
accommodee the excess ciata. 
Data rtants nray Le combined much like t h e  
c a p a b i l i t y  described f s r  t h e  ADD commmd above. Fo r  example,  chc 
o p e r a  t i o n  : 
i l l u s t r a t e s  how the produc t  of V1 and V2 nay Lc uscd  as ti:c rc?- 
placcnient value of d a t a  base v a r i a b l e .  The p roduc t  ncl-cr r e s i d e s  
i n  t h e  da ta  base b u t  on ly  i n  t h e  modif icd i n p u t  strcarn. Vl T . U S ~  
be a d a t a  b a s e  variable -- name b u t  \'2 nay bc J data Lase vsriatblt. 
or c o n s t a n t .  :.lore than  one a r i t h m t i c  operi;ti.cn nay bc. Ft'r:'or::.cd 
w i t h i n  t h e  dclinitcrs:  
- - .-. I_
'V1 + v2 * 173' 
Up t o  t e n  o p e r a t i o n s  nay be perforncc! w i t h i n  a s i n g l c  corr-?.and. 
T ~ C  n i e r a r c h y  of o p e r a t i o n s  is the BJi ' iC as t h a t  d e c c r i l c d  f o r  
t h e  ADD coxxiand. 
I n  g e n e r a l ,  a r r a y  elements may also bc used i n  t h e  r e p l a c e r e n t  
comriand: 
or 
.'VliS) * \ ' 2 ( 6 ) '  
0r.c e s c e p t i u n  fron t h i s  c a p 2 b i l i t y  i s  1: Gcalixq :\.it!: tl:c f i r s t  
e l c r . c n t  of an array. 
'V( l! ' 
h 
i 
r e p l a c i n g  t h c  f i r s t  clement of a n  a r r a y .  The d i lcnma may be' 
avbidcd by u s e  o f  thc f o l l o w i c g  t w o  cards: 
'ADD NEW = V l ( 1 )  
The ADD command de f ines  a new da ta  base v a r i a b l e  v h i c h  w i l l  con- 
t a i n  t h c  c lcment  V l ( 1 ) .  The replacclnent command w i l l  p l s c c  the  
var i ab le  NEW (i.e. V l ( 1 ) )  i n  t h e  m o a i f i c J  i n p u t  stream. I n  cjen- 
cral, a l l  tADD cormand. c a p a b i l i t y  dzsc r i l cd  undcr data base con- 
s t r U c t i C W  is==sppficablc when placed in t h o  s k e l e t o n i z e d  
a technology- p r o q r m .  The ADD command i n s t r u c t i o n s  arc 
b u t  tho 'card' which c o n t a i n s  t h e  command and is no t  t r a n s f c r r c d  
to the niodi f icd input s trcani. 
A s p e c i a l  f c a t u r c  of t h c  replacement  cormand is t h e  e lencnt -by-  
e l emen t  conb ina t ion  of e n t i r e  a r r a y s  or t h e  conh ina t ion  of a r r a y s  
w i t h  c o n s t a n t s .  As'an i l l u s t r a t i o n ,  cbnsidcr  t h e  csaz.plc:. 
where ttic data bast\ v a r i a b l e s  \rl and Y2 arc arrays. Thc above 
cor.utland s p x i  f ics thc c l c n c n t - b y - e l c ~ . c n t  z u l t i p l i c a t i c n  oi t h e  
arrays. I f  one a r r a y  fazs fcrter e l c m n t s  t h a n  t h e  other ,  t h c  con- 
b i n i n q  of V -  e c e n t s .  C C ~ S ~ S  after the shortcr array is ex! iau~ted  
and t h e  res* of  the l o n g e r  a r r a y  rci?ains anchar.qcd. T h e  *i;tri&:e 
V3 nay 13r: ;1 co:;st an t  or Uata  Lase nazs .  X u l t i p l c  operations z.ay 
LL' pcrforr.:cd us inc ;  tfic h r c r a r c h i c a l  r u l c s  dcscribc'd above. 
I n s c r t  Cormand. - Unl ikc  tiic rcplaccrncnt cortaand whicn extracts 
i n r o r c m t i o n  froc,  tho d e s i g n  data base, the IXSLRT cocmand t r a n s -  
f e r s  l n f o r m a t i a n  s c y u c n t l a l l y  f r o n  a f o r z a t t r d  d a t a  card f i  LC. 
S t a r t i n g  and stopping p o s i t i o n s  w i t h i n  t h e  f i l c  cay be specified 
as f ollot,*s : 
'INSERT name1 = n/m, n a e 2 . =  j/k' 
T'hc e f fcc t  of L ~ C  zocciand i s  t o  search t k c  n a m d  systcrn f i l c s ,  
throul:!i k .  i: t!;c cc3rd ::u:%crs a r c  cmittcd, t h c  c::trrc r.arcd 
filc is t r a n s f c r r c d  . t ~  tiic rodificd iri2-c: strear'.. ',"!;e cr .C-of -  
t!;c ch'ira2tt.r 5 tri:iu, LCl.. ';he card cc:.ta~nir-.,? thc :!iSLRT cor-- 
~ m d  is nc; tra:is:crrcd to tlic xodifi~u ::?gut str&.ir.. 
3 i?a:ici L I : ~  narv.!, :ar i:itcjcr card  n u r h c r s  :: t ;hruu& in and j 
- *  f r l c  : x y  be s;.cc:ficd f c r  ti:c n~:.:.cd flit by replacrr.,: t ~ i  o r  1% wrt!: 
8 2  
t Comrrent - Cucunand. - I n  a d d i t i o n  to p r c v i o u s l y  described ccmands ,  
t h c r c  e x i s t s  a special "con%and" f o r  i d e n t i f y i n g  data .  The for- 
m a t  is: 
I .  comment' 
No a c t i o n  is pcrforlned as a r e s u l t  of t h i s  cormand. I t  i s  useful 
o n l y  as a n  i d e n t i f i e r  f o r  o t h e r  data.  
technology proyran  which uses f o r n a t t c d  i n p u t  ( i  . e .  n u r l c r s  w i t h  
no i d e n t i f i e r s  or names a s s o c i a t e d  w i t h  t!ien). T h e  c c x . c n t  c ~ m -  
mand may be used t o  i d e n t i f y  the  data  e l c r . e n t s  w i t h i n  the i n p u t  
data  stream. T!rc cf f c c t  of p r o c e s s i n g  this corr-!.anu t!:rouch CJDI:if::.: 
is s imply  t h e  rcplaccment  of the  ccrzLand w i t h  b l a n k s .  lf. thc 
r e s u l t i n g  card image is e n t i r e l y  blank ,  t h e n  t h c  card i s  n o t  
transferrcd to  t h e  r.:odificd i n p u t  stream. 
For  example, consider il 
Rcpor t Genera ti 9n 
A s p e c i a l  f e a t u r e  of t h e  ODISE:: program is  i t s  a b i l i t y  to produce 
uscr gene ra t ed  rcrort f o r m a t s  aucjmcntea w i t h  data  bzsc ir.fcrr.?cr- 
t i o n .  The r e p o r t  g e n e r a t o r  i s  a p p l i c d  i n  t!;c foi1ov:ir.y nanncr:  
. .  . 
. .  
. .  
. .  
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Any number of r e p o r t s  may b e  gene ra t ed  d u r i n g  a s i m u l a t i o n .  The 
f o r m a t  o f  the i nd iv idua l  r e p o r t s  is ta i lored to thc needs of t h e  
p a r t i c u l a r  s t u d y .  Once t h e  format is es tab1ished; i t  can become 
a pcrmancnt p a r t  of t h e  s i m u l a t i o n  strcm. Any of t h e  f c a t u r c s  
of t h c  ODINES language,  i n c l u d i n g  s c a l i n g  and adding data  Lase 
i n f o r m a t i o n ,  are used  i n  a cotxpletely f r e e  f i e l d  r e p o r t  format. 
Technology P rogran  I n t e r f a c e  Requirements 
I n t e r f a c i n g  technology programs r e q u i r e  t h e  t r a n s f e r  of informa- 
t i o n  f r o m  t h e  tcchnology prrsgrarn to  the  ODIS data  base whcrc it 
becomes a v a i i a b l e  to o t h c r  tcchnoloqy ~ royraas .  Thcrc are gcn- 
e r r r l l y  t w o  methods of i n t e r f a c i n g  tcchnology programs-for usc i n  
t h e  O D I N  s y s t c n :  
1. Use of e x i s t i n g  o u t p u t  filcs f r o m  t h e  technolocy  proqran.  
2 .  Ccncra t ion  of s p e c i a l  files of  i n f o r m a t i o c  within thc 
t cchnologp proqram. 
Many tcchnology programs g e n e r a t e  f i l e s  of ififorratio;, s u i t A 1 c  
f o r  usc w i t h  t h e  ODIS system, e i t h e r  d i r e c t l y  or t!xouqh a:: i n t c r -  
face program. The  i n t c r f a c c  ;rogrii;:k c l ta ics  i t s  ?r . ;ut  f:c:- a 
f i l e  q c n e r a t e d  by a tcchnoloqjy proyrcrs. i'?a output :<;li i..c ..i 
s p c c i a l  uaLa f i l e  :.:>.ich cafi br: Froccsscd  ; y  t h e  GSX:;L;< ;tc;c:-an. 
;-q i n t c r f a c c  ;:rol_:ran is LFtan zI:c: t : ~ s t  co:i*.-cnicnt rca:,s c.5 
e x t r a c t i n g  data bccausc c ~ t h e  u n c c r t a i n t 2 *  associated w i t h  t1.c 
r,!oui f i c a  t i o n  of nsny tc.cS,r:olocj? progr,tr:s. 
Mictlicr t h c  tcchnology proijra: is rnodificd o r  ari icterfacc Fro- 
gram is w r i t t e n ,  the g e n e r a t i o n  of the special o u t p u t  data f i l e  
u s e s  s i m i l a r  procedures  which i n v o l v e  11 t t l c  progra::?mlfi<j kr.o:;- 
l e d g e  t o  acco r&pl i sh .  
C z a t i n q  a special OGtput F i l a .  - The objective is t o  c;cneratc 
a file w h i c h  can bc processed by tb.c  WISES prcgraz.  ar.d k'hich 
c o n t a i n s  the p e r t i n e n t  dcsicn i n f o m a t i o n .  T!:c s p c i a l  file i s  
~:dcit. a v . i r l a l l c  to ODXXLS by the u s e  O: an  aJdition3: file p a r a -  
rc tc r  o n  t h c  proGra3 c a n  IC'DC G G O I )  ozly). 
1 
I . 
an illustration of file substitution technique, consider the 
execution of PGr.lh above. The execution control card for PG?lA 
would be: 
- 
. PGMA ,&¶OD IN, OUT, NMLI ST. 
The above card specifies the execution of PGIlA. Pdditionallp; 
it specifics that tho INPUT file for PGXA will bo 14ODIN, the OUT- 
PUT file will be systcm file name OUT and thc TAPE78 file %ill Le 
the system file name NNLIST. These.filcs arc addressed internal . 
to PGXA by the names on the program card, but addressed externally 
by the systcm file nane. 
containing potential data base information and proccssos the data 
contained therein. 
ODIXEX recognizes :;XLIST as a file 
Format of  the Special Output File. - ::>LIST is intcrkoqatcd by 
ODINEX for name oriented infornation in thc following iormt: 
$name name = value, valuc, $ 
Note the similarity between this fornat and the ADD cornand for- 
mat aescribcd above, The only differencc is tfic deliniters 
cmployed. r\fSQ, it is identical with tf:c ~ O X ' K X <  XXZLXST f c a t u r c .  
I n  generating the NNLIST file within the applications proC?ran, t1.e 
a n a l p s t  has  ti12 option of usirg :iX-:LLISY' (in FCRTRAS p r o g r x - s  
only) or s i c p l y  sirnul'atinq ?:~LZLIST as f o l l w s :  
1. Separate na:ne and values-wit!: o q u a ~  (=; siqx 
2 .  Separate narne/value sets with cor-nas ( , I  
3. Separate values (as in an array) w l t h  cormis ( , I  
(N = Vl). 
(N1 = Vl, S2 = V2). 
(N3 = Vl, V2) .  
4 .  Delimit multiple name value sets with a delimite3 
ADD 1 i k e  "cornand" (Sna:ne.. . . . . . . . S 1 . 
- -  
Excluded Namcs and S p e c i a l  Op t ions  
G e n e r a l l y ,  any name e x c c p t  c o n t r o l  d i r e c t i v e  names8 communication 
command nancs  and dcs igr .  i d e n t i f i e r s  nay be used for naning  d a t a  
basc i n fo rma t ion .  
The exc luded  names arc listcd below: 
iiowcverr t h c r c  are a feis a d d i t i o n a l  e x c e p t i o n s .  
BUILD 
DIVIDE = c h r  
9OLLkR = c h r  
CLTIME = v a l u e  
EQUAL ch r 
EXPOS = c h r  
m:;cs = c h r  
Opt ion  for dynamic c o n s t r u c t i o n  of t h e  
data base. 
Symbol used for  d iv ide  ( / )  i n  t h e  o p e r a t o r  
d i r e c t o r y .  
Symbol  uscd f o r  DOLLAR ( $ 1  i n  t h e  o p c r a t o r  
directory. 
T o t a l  e l a p s e d  simulation tine usca  i n  t i n -  
i ng  o p t i o n  (must  h a v e  7 l o c a t i o n s  r e s c r v c d  
i n  t h e  d a t a  b a s e ) .  
Synbol uscd for e q u d  (=) i n  t h c  o p e r a t o r  
directory. 
Svxbol usca for c s p o s e n t i s t i c n  I * * )  i n  t!ie 
o p e r a t o r  d i r ec to ry .  
Sy’c3301 used for s u b t r a c t i o s  ( - 1  
o p r a t o r  directory. 
S y r b o l  uscd for I- .uIt i ;- , l icaticjn 
o p e r a t o r  cirrcctor)’. 
Syrb01 used for a d a t a  base del 
i n  t h e  o p c r a t c r  drrector;‘. 
i.2 t h e  
* )  in tiac 
z i t e r  ( # I  
Opt ion  t o  p r i n t  t h e  modi f icd  i n p u t  for 
every program. 
Opt ion  tc - , r i n t  the scecial data  basc o u t -  
p u t  f i l c  f ron eacn prograin. 
oyticn tc’ p r i n t  :!,e i n t e r n a l  s t r i z g  ?roc-cs- 
s i r,..: 
S y r b u l  SSCL for additrcn ( + )  in zk.c c;crata,r 
d i r e c t o r y .  
1 i; I orr a t 1 on . 
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The above names, when stored in the data base, represent special 
options in ODINEX. The data base variables are stored with the 
ADD command ti.e. 'ADD BUILE'). If present in the data base, 
ODINEX will reset control characters or perform special functions 
as dcscribed in the following paragraphs. 
The BUILD option is associated with the dynamic construction of. 
the design data base by the applications programs.' Two values 
have significance. 
BUILD = 0 
BUILD = 1 
The zcro value specifies that previously undefined variables 
from the-$ s programwill not be stored. A value of one  
specifies that all information from the previous prpqram will be 
stored in the data base regardicss of its previous data Lase 
status. Tkc value of BUILD may be changed fron proyran-Lo-progrsz 
by use of the ADD command: 
in the input data of the applications proqram. The chafigc. ir, tk.c 
BL'ILD option bccorncs effccti\*c for t h e  proqran where it cccurs 
. and r e m a i n s  cffectivc until chan~cd agair.. The i i L I L D  optic-> cr.1;. 
affects data coning f r o 3  tcc!ir,ology pror,.ra:s. It ::as RQ effect 
On ADD conmands or other USGC cornxication co:-;1-.an-is. 
DBDUMP is an option which specifies that thc entire data base be 
printed after each applications proqran esecution. It should Le 
noted that this option is rnandatory when selected. Selective 
printing of the data base is acconplished by thc PRIliT directive. 
ELTIMF, is a timing option. It is selected by a defining ELTIXE 
and reserving 7 locations in the data base. 
'DEFINE ELTIYE = 7 ,  description, ' 
When selected, a timing rou4,inc will bc activated. This rcut1r.e 
monitors the individual and csculative co:.;ptCr crcccssinc p.tra- 
m e t e r s  for the applications program. Tf.e parancters dre l d e s t i -  
fied ozi t h e  printra outFut. 
INDUblP is an optional data base nane which sFccifies t h e  pr i r? t i r .$  
of the modified ir,put st rean for the appi:cations procjrars. Yk.c 
8 7  
! 
modif icd input strean represents the input file in exactly the 
form the applications program will read it. The INDUMP option 
is useful in the early phases of Linking programs for dcbuqoing 
purposes. 
OUTDSlP is an optional data'basc name which specifies the pricting 
of the special data base output file, PNLIST, which contains all 
the information available for entry into the data base. The OLT- 
DMP can be used to determine what information is available f r o 3  
a given applications programor simply as a debugging aid in the 
early phases of the analysis. 
PAGDMP is an option available tp the prccjrazner for detecting 
errors within the  O D I X X  procjrac. It has little use t 3  t!:c 
analyst using t h e  system. It is mentioned only becacsc P:iGD>IP 
is an excluded data base  name. 
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